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Disclosed is a method for the prodn. of isoprenoid compds . by cultivating 
transgenic prokaryotes that have been transformed with the gene for (1) 
1-deoxy-D-xylulose 5-phosphate synthetase; (2) farnesyl pyrophosphate 
synthetase; (3) exodeoxyribo -nuclease; (4) a defined protein; and/or (5) 
1-deoxy-D-xylulose 5-phosphate reductoi some rase . The transgenic 
prokaryotes are selected from Escherichia, Rhodobacter, or Erwinia. The 
isoprenoid compds. are useful for (1) the treatment of heart diseases or 
osteoporosis, hemostasis, prevention of cancer, immunopotentiation, etc. 
and (2) the prepn. of health foods, ant i fouling coatings, etc. A method 
for screening compds. for their antibacterial or herbicidal activity or 
herbicidal activity by detecting their inhibitory activity against the 
enzymes assocd. with the non-mevalonate pathway is also claimed. 
Isolation of the genes assocd. with the biosynthesis of 
isoprenoid compds. from Escherichia coli strain XLl-Blue and use of the 
genes to improve the yield of CoQ8 by transgenic E. coli DH5. alpha, were 
shown. The Rhodobacter sphaeroides counterparts of gene DXS were also 
provided . 
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(54)Titlc: PROCESS FOR PRODUCING ISOPRENOID COMPOUNDS BY USING MICROORGANISMS AND METHOD FOR 
DETECTING COMPOUNDS HAVING ANTIBACTERIAL OR HERBICIDAL ACTIVITY 
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(57) Abstract 

A process for producing proteins or isoprenoid compounds by using at least one DNA involving a DNA encoding the above proteins 
which have an activity of elevating the efficiency of synthesizing isoprenoid compounds useful in drugs for the treatment of heart diseases or 
osteoporosis, hemostasis, prevention of cancer, immunopotentiation, etc., health foods, antifouling coatings, etc.; and a method for detecting 
compounds having antibacterial activity and herbicidal activity characterized by detecting the above DNAs, the above proteins or substances 
capable of inhibiting enzymatic reactions on the non-mevalonate pathway. 
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P) li. l&^B£S&fc*©X&£^T-te7Hrx;KoA*^*^a V^^iiiiLT 

^0>&il8&-Cf£3 - \L h*D^>- 3 - * * tffr 9 V JVC o A (HMG-Co 
A) «J 99 9— Vifi1$]&tmZ.btlXiS*) (Mol. Biol. Cell, 5, 655(1994)] , 
gSIIfc^t, HMG-CoAU 99 9 — tf^aSgaft^-tt^n-ry -f K0£jfctefe± 

-*->;ua-* 5 -y LT I PP**££sR3*i<5i:v^MM><n>ifc 

iSK* { #< ©i^^^lC*>HNt:%^5ttT«'; (Biochera. J., 295,517 (199 
3)] , l3 C7^WtIS^^^/:»f.l-f^^^-D-Jr^D-^5- 
•J >SJ(i2-C-^f-;U-D-xiJ^'J h-;U4-U >»4a*LT I PP^i: 

3 ftTV^ 5 [Tetrahedron Lett. 38, 4769(1997)]. 

^Mcs^-c, f;nf -fe^T^xt h* 3 - y >m*ffi£2-z l - 

^f^D-7 5-'J>iM^I (DXS) $»fc-?J&*lRl£$*l-CV> 
6 (Proc. Natl. Acad. Sci. USA. , 94, 12857 (1997)) . Mte^li, 77^ 

*»Hfc*i^-ni, 1 5 - y 2 - 

^6 [Tetrahedron Lett. 39, 4509(1998)]. 
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n #-r * ^ * n % 3 - k 1- & isfe ? © ^ < (** * $ -e & * . 

g£??§u b i CcDitte? (u b i C&B?) tJi^p-kKD^r^^l/x-h h 
7>77x7-t'«f (ub iA) fc3*A-rS-i:KJ: U, 
OfeS(j*fl*IH&S-rs^a**ttf,nTV^S (^8 - 1 0 7 7 8 9) **, 

«i J: U , « «t 41* ^ * S % 5 S l» -t 6 tt ft {* «t i \ 
gaUfcrn-h'tSDNAS: 1 0#±£fcDNAfe fa&ft 

fc-T*, KM6R©»3S^ra. &S6Ki5«l:tra£aRfc:J-h*1-SDNA*« 
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«!*>. *R©*l©f6W{i. SIT© (a) , (b) . (c) . (d) , (e) 
fc<fctf ( f ) *»5>3i«*i*DNA% 1 oJeLtSfcDNAfc^^-Ciffi^ji*. 

(a) {ie^t'^ftk^U-t^T^-rt b*3-D 1 -f^#^-D- 

tiDNA, 

( b ) (£7 7 f P U 4 3-Kt«DNA, 

( c ) f±EJ>J## 3 UmtDJ 5 ^ ^82^ fcfc-T 6 S SR £ □ - KT * D N A, 
*fcl£fcS&Rtf>*1-* 7 ^ yikRyjJ-is^-c 1 < (£&{S£>7 5 y 

(d) (iEW#^-4Ett075 yttEyilt^-r-SaaK* 3- K1-SDNA, 

4 ft± 5 it S C i: (DT- £ -6 % S £ 6 R £ 3 - K "f 5 D N A, 

(e) It I -x^^^-D-^r^^D-^S-'J >K*»?>2-C-^f-;WD-xy 7. 'J h 
-;U4-'J >&££b££l&£tt&1-6Ste£^1-SS6R£ 3-K-f£DN A, 

(f) tt(a). (b) . (c) . (d) teitf (e) *»t>a«n5DNAJ: 
7. h U >*>*x > h «c*frTT-^-f *»oigtfftfc DNAC3-KS 

n/c s e r ***r-f 6 ^ft t hr «j k - ©?sti £ * u x ^ -5 £ a r % □ - k 1- 5 

DNAT'&S. 
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0J *. I £ 1 ~ 5 fi (7) 7 5 y & 4 S ate T 6 . 

7 ^(Molecular Cloning, A laboratory manual), tg—JK (-tfi/TVUy ^ (Sambr 
ook), 7 U y-f (Fritsch), T-7^7. (ManiatislM. K • 7.7*'J > 

y . /\— • yfiiy h U — • 7*1' 7. (Cold Spring Harbor Laboratory Pres 
s) , 1 9 8 (&T, ?^^7- • 9U-=.y# m-ffiLtfat) ) . Cu 

rrent Protocols in Molecular Biology, John Wiley & Sons (1987-1997), Nuc 
leic Acids Research, 10, 6487 (1982), Proc. Natl. Acad.Sci., USA, 79, 64 
09(1982), Gene, 34, 315 (1985), Nucleic Acids Research, 13, 4431 (1985), 
Proc. Natl. Acad. Sci USA, 82, 488 {\WS)*&\ZfRMO%%klZ& bxmWktZ 

±ian*j^-c, e;ue>®*i:7*y -fe;U7^xti K 3 - y >m&h i -=r±*v 
-d-^^d-t, 5 - y v&££#TS£fS£®&-r3g6Jt£ 3 — k i" 5 d 

NAtlt. fiHAtf. EJ>J#*1, 2 6 *fcli2 8 KEtt07 5 ^ »E?!I«:#1- 
SlfiS^^-KtSDNA, *5^(*wft'b£eK0!>*r1"5 7 3 ygfcE^JKfc 
v»T 1 « U < ii»ffl©7 ^ y Ktffcfc. Sft€ L/ < l£ttiQ£ 4Vc7 5 y RE5«J** 

*»otf;nf y»k^y -t;W7^-rt: K 3 - y i _ ^ ^ - d 

JUfrttScfHfcLT;. E5»J#*6E«0«lSE5>J%*-rSDNA. E9>J#* 2 7 
£ £ l£ 2 9 CEIiO^LaiE^J "t* D N Am * h ff S - t **-c * 6. 

7 7^**>;H^P';>K^lR»JJI«:3-K-rsDNAi:L-C. 09*.lf. EJiJ# 
#2E*tf)7 5 ;ftE5»J feel's SS It* 3- K1-5DNA, *fc(iKfia«<0 
%1"5 7"4 yftE^JKfc^-C lil<tt»iiD7 5y«^ BlftSU< lift 
iD S ftfc 7 5 y »E5»J & 'J . *»o7 7^'>^DU ^ 
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7 Eft® i&g&FJ 4 W1" £ D N A%f £ $> If Z Z 1 1fiX' # « . 
SB^JS^- 3 IBIS© 7 5 y KBB^iJ %#t4Ifijr*3-Kt*DNA 0*# 

SH^JS-t 4 7 5 y &BE?'J * #1" S 5.6 R =i r K 1"6 D N A ® 

* * , 

0>J £ L T . @E?'J#*t 9 IBtt<Z)Jft££$!l £ * t * D N A fff * (f £ 3 **T- £ 6 . 

U h-^4-U >»«:±l;SKJ&«:tt«E1-*gttfe^1-*geH«:3-K1-SD 
NAt Lt, 09*. K. BeyJM5*fc{i3 OHEttOT^^M^JtWI-Sfia 
Kfca-KTSDNA. i^^e^^^1-<575 ^ KKfllUfc^T lSKIiRfl 

4 - y V»fc£l;S^fett&TaStt4*T3SfiKfc:2-KT«DNASfc 

if DN A(Dft*fi*j^^Ji: L-C, SB^J#^1 0£fc(£3 1 (=Eflt®ttSK7!]$:*r 
1"6DNA<f«:*lfSwi:**-CSS. 

±E© h y y*/3L> b^Tt-^'f "/y *WXTsdnaj ±ia 

©DNAifcliiDNACIffr^D-ytlt, 3D--. "7y ^-fe*- 

^-fcffi^T. 0. 7~l. OMCNaCl^ftT, 6 5 'CTvW 7 y ^-f -fc* 
— >3>fcffofcfiL 0. I ~2ffig«©S SC8« (H»»j£0S SC» 
ft&fi. l 5 0mM JtftthyjA. 1 5 mM {7 x>K^- b y A J: y £6 ) 
%JBl\ 6 5r&{£TT-7^;i/#-%&#1-5CfcKcfcy[fil£-C§ SDNA^fe 

n"C^*^rffinnii;-cfT7 - fc*<-c-t<6. /w 7*y ^-f Xrth^dn a t ut. 
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7 0%&±e>*8|3H4fc*-t5DNA. &£L< (£9 0 %&±<D tastes: *f-f 5 D 
NAfc&tfSCfc 5. 

Mtf)fl2cDf§0J(±. (a) , (b) fcii; (c) *>f>jglfn5 -Y V 7 

5. 

(a) i±ej>j*-&3rir07 5 y &e?>j &*ri-5M6ft. £fcti&aeji0*-f 

57 5 yftEJHcas^-c igL<ii»l©7§y»m. B«S u < ttttin 5 

nfc7? ygeE?>j*^&5gan> 

57 5 /KE^JCfc^T 1 :gU< f£&til£>7 5 yjfctffcjfc* iiSK littiflS 

nfc7 5y»EW* i f>«cs5aH. 

(c) fiEfll#*5E*<D7 5 y^E^J^^-r^^SM. *Jfcl£»£6R<0*rl- 

575 y»E5«lc«^T iib<ii«io7 5y»m, u < i±f*in s 

*m<D% 3 ©|§HJ(i v ±E©» 2 <D%mztmom&9.S: □ - K"*5 D N A fc 

SU5Z.i:OT-t5fStt«:#'r5SfiKO»i£}5rffiT:**5. 

±3H(I*JV^, J^KISiftfrJ: LX, EscherichiaK{CR1"5«Sfe14l» Rhodobact 
erJS (I Jg -T 5 * fiErwirnaJI (I H 1" 5 £ h If 5 d t **T?S5. 

#H®3l4<D5§BfcL J^TCO (a), (b) . (c) «£tMd) rt><b31f£n 

5f vjvj* KM©^»^^±^t4: fco-ct 5?£te**r-r5£ 

SKfc 3 — K-fr5 DN AT-*5. 

(a) {iEWM3ia*©75 ^»E^J«:*"r5«eR%3-K-t5DNA. 

7 



WO 99/53071 PCT/JP99/01987 



(b ) f±Eyj#*i-4l2©<D7S J KiEJiJfc^l- agent K-TSDN A, 
(c ) &EM#*5E«®75 yKE*J*tf*Sfiej|&3-K?SDNA % 

(d) (iEyJM8EttO**EWfe*1-*DNA, 

(e) ttEW*9E*©ttHE7iJfcirr<5DNA, 

(f) fiE?'J#^ 1 0|H«O^aEy>J?:*1-'SDNA > 

(g) t±(a) ~ (f) v^-fn*»tCE«ODNAi:^ h y >*>*x> h&&#T"C 
^-f 7*y ^Xt«DNAf*5. 

±Ef69!5iSj:0 c 6t::8^T. ^fiKiiL-C, (a) £fc|± (b) (Dm 

(a) fit^H^ftfc^U ■b^Tv'Uxt: K 3 - y 1 -t** D- 

( b ) (i 1 -x^^riz-D-^r^^D-^ 5 - y 2 - C- 

-xy 7.y h-;U4- y vRfe^bssjcstttjil-sjSttt^f-rsfiaK-c-**. 
±E£fcH v r, tvi/t'vKt^y-t^T^xt K 3 - y >»*»f> i 

-D-*$/;UD-*5 - y >K%^«-rS£lS&««E1-S5aj(t LIT, flJAfi. 

8 
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^&E»<b&y, *>oif;n^>»fc^y-t^7^Tk K3 - y l -f 

l -x;t^>-D-^>;ua-7> 5 - y >&frb 2 -C-^^-d-xij^ 

y h-^4-y >»*4i;*Rjcs«:»»i-*rstt : fe* , t*aaKkL-c, 09* i& 

S2?iJ#^5IEi£©7 5 -/HEfllfcfc-rsseR. i/cliiiei©tt5 7 5 y 

> &E?<ia><b& y » a»o 1 -x^=¥^-D-^ri/;uD-7. 5 - y 2 - c 

£X93#E>&. 1 -x^#*>-D-^lr'>A'D — 7. 5 - y h ^ y ^ 7 

— "fe*KJ6©SftlT**S 2 -C-^f^-D-X'J^y b— ;U4- y Vgfc^ZlCDg^ 
*SJ£l?fi^S*l*KJtStti|BI{t:i:7*7.5 KT-f [3-(N-formyl-N-hydroxya 
mino)propylphosphonic acid] iiOfllj&fltjSlttteKff B U 7*75K?'f , » 

*u *>ojtigtt%ttt* toflijiioii:, m^nM 1 0 i;^ofc±ia 

**o0tB8H4fcW1-SBjK-C*Sc: i:£ JIWcT^t^ ±E* 5 036^08* 
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I . <iVr?\/J4 Hft^«l04^l«{:B8#1-*aejl43-H1"SDNAOai 
(1) DXS«:3-K1"*DNA (DXSjgfc?) ©£8EMfc#lffl Lfc. 

RfcfcSSftTl.^ *B§@#&feft&,J:l>'DXSate?CDJ&gE?>J1lt& (Pr 
oc. Natl. Acad. Sci. USA., 94. 12857 (1997)) fejpJJBL. ^lli'JDXS 
ii(5-?«:dt»\ *6vM£DXSitfc?fi»0»fc*0DNAfl|J*fcPCR?£ (Sc 
ience, 230, 1350(1985)) C«fc »J * n-->^U ®t#T6 - k * J T- 1 6. 

DXSfcfc^fcafcfcfcEaitiMRkL-C, 0U;Ui. E?J#^1 1 

*B§®, 0U*.tfE. coH XLl-Blue^ (JKSMifrJ: 0 SIA«Ttl) fc^IlilKJSUfc 
fiW^.tfLB«tflc#* U^bb'jyhXfOntS) 10g ( gfx 
^ (f<7 3ai) 5g, NaCl .5 gfe*l U y WWl£*pH7. 2C 

JK) t"^V>^fe#:DNA$:#at1-^. 

e^ijs^i n;ia«$nfeiaa6E5>jff«43pjfflu. dxsj1£^£££\ £>s 

v > l± D X S Jgfc^iSR OftBTO D N Aftift K ttfot & l£SE^J £ f 6 ir > 
* 7* 7 -f "7 - tJ «fc 7 > -f -fe > 7. 7* 7 7 - % D N A £ £ ffi ^ T £ $ 1" -5 . 
PCRritlctOti^m, 12*ii|iiDNAl$T> i r£7 , 7 7^ Kfc*ARTt6fc«fc 9 K-t 

v * 7 7 -r -7 - *j <t 7 > f-b > y y << v - © 5 '^is n liis^o mmm? 

K ffJA& B am H I . E_c_o_R I «©S0R»*-9-f h £ttiJD£-fc!:S d 
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?|J##1 2fc«fctfl 3, E*l#*l 4*5«fctfl 5. E?J#^1 2 *}J:tM 6. 62 

?U#^1 7 *> Jit^ 1 8. EMM1 9fcJ:tf 1 3, EMM 2 2 is «k 2 3 Olft 

^*Oift*EyJ £ *T1" 5 D N A3? * If 6 d t £ £ . 

SiMDNAiiIJ:l/t ( Ctlfj^^V-, TaKaRa LA-PCR™ Kit Ver.2 

(Sai56ttfi)*/c<±Expan<i w High-Fidel ity PCR System^- U yfi— • 

■ 

-fAtt$S)f^I^\ DNAThermal Cycler(y^-^r >x;Uv-^» A >ttS)T* 
PCR*tr9. 

4TCT-3 0»M. 5 5°C-C3 0i$~ 1 7 2TCT: 2 #m*»t>fc5KJ£lgfc 

1 UT, 2 k b ^^^.-5DNAif>T-©it^{'{i(i9 8'C-C2 0#|H. 

72r^7#iHKjfcsi+a*frfe*w f s;Li:*s-c£s. 

SI3JRDNA»rjT-fc/BV\ 0U*tf. t^a?--^-^ $1 

IK. Current Protocols in Molecular Biology, Supplement 1~38, John Wiley 
& Sons (1987-1997). DNA Cloning 1: Core Techniques, A PracticalApproach, 
Second Edition, Oxford University Press (1995)^HEtt cF hh 
V^ir&SSiD^r'V K #J*.l£SuperScript Plasmid System for cDNASynthesis and 
Plasmid Cloning (7-f7 • f^yD , >'-XttS) ^ZAP-cDNA Synthesis Kit 
Uh7^^'-> (Staratagene)*±M) fcjflv^ n-^V^^-fc^MU 
itQbtzm? V^*** — fejflv\ 0»Jx.{fE. coll DH5aJfc (3K 

v^tt(it\ AftWKIi, ZAP Express (7. h 7 2 >ttSL Strategies, 5, 
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58 (1992)] . pBluescript II SK(+) (Nucleic Acids Research, 17, 9494 (198 
9)) , Lambda ZAP II Uh7^^'-WiS) . AgtlO, Agtll (DNA Cloning, 
A Practical Approach, I, 49 (1985)) , -ITriplEx (?D->fy?ttll) . 
AExCell (7 7^T->7tt§H) . pT7T318U (7 7^ , >7HS) , PcD2 (H.Okay 
ama and P.Berg;Mol. Cell. Biol., 3, 280 (1983)) . pMW218 (?Q3teflLlStt 
S) > PUC118 (^jfiJfittSi) , PEG400 (J. Bac.,172, 2392 (1990)) , pQE-30 
(QlAGENttSJ) &Obtf&Zt1> i X'Zi. 

tKi7-' ?n——l//f H-jJg. Current Protocols in Molecular 
Biology, Supplement 1 — 38, John Wiley & Sons (1987-1997), DNA Cloning 1: 
Core Techniques, A Practical Approach, Second Edition, Oxford Universit 
y Press (1995)«dE«* tife*i£(; J: d ^"Ct 5. 

©7 5 -/KEfllfefTtSSeRfc 3-b't5DNAf ttt577^5 Kfcitf 

877*5 KfcLT, fiWAJi, ±ISDNA%ittt»77^5 h* p ADO- 1 , 
E?J#f 6E*0JfiSEFJfctfT5DNAfc£fc7'7*3 HpD X S-l*S^(i 
pQEDXS-1, E?'J§f 7IEi$<Dj&gE?'J£3r1-6DNA£^t , 7'77.5 K 

pISP-1, E*J##8£tt0JaaH2?Jfctf1-5DNAfc£fc7 , 7*5 Kp X 
SE-L E*J**9Elfe©*3H2*Ifc*-r$DNA$:£fc7'7*5 KpTFE 

- lmthtf&z.ttfxzz. 

Cl*Hb7*7*5 Ktllf A* tifc^»iiS*0!)DNA»f)Tr©Ja»K5ll?:f"Jffl U 
fl&®IS&£&. 0U*.fc£, Rhodobacter BCg-j-Stt&fogJ: KDNA©*i 

i 
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CD *fl§® * ^x y * y h -^»#ttjEHttcOflx# 

*»H, 0>J;ttfE. coH W3llOHc (ATCC14948) 5:, *j£KtfcoTJS*-r5. 

(pH6. 0) S#a&*'l 0 4 ~ 1 O ]0 mm/m 1 i:&3«fc oC^l 

KNTGfc»a***6 0 0mg/l J: -5 IZM*.. £&T'2 O^F^^LT 

l^lt 5 * If 5 d t tf-C- £ * . 

*^*3cJS»fcLT, milt* M9tg% (^l^#a7--^n-r>^f- 
^f^xiJ7>Jh-Mi. Tetrahedron Letters, 38, 35, 6184 (l997)CIEife 

4 0. 0 5~0. 5%£fcftil>*35J§i6£l/7iJ * U ^f^xU^iJ b-;H 

*»H. 0S*(i. E. coU_W3H0^ (ATCC14948) fiW^tf, LBS 
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Rlfcfef*DNA0aMi*fca«&lHIK»*. 0!IA.If. S_a_u 3 A I "CSP^M 

^i(26, OOOrpm, 2 0t. 2 0 h r ) K«fcy, X#g-f S. 
KftliKJ: yftftStiS** 3* s 4~6 k b©DN AlHf^ 5: * 

-c-flUbLfc***-, 0>j*.f£, pmwi is (zy*'>'>'->as) ti7-ry- 

*^*35*J6, 09*.tf» 7>bT'>'J > 1 OOwg/l AftfcM9*^JgJfe{::£# 
U 3 7*CT— 

KJSriSKiy. ^WJ^'J hwyMtt©@«£ft>U&JMEill#fcafc1" 
pQEDXR & & If 6 d *s-C t 6 . 

£>&S@S?<J £ £ t?BBW* £ * If * d t ifiX- 1 5 . %h ftfc&yaeMafc?© JfeSE 
Wit fl 4 FJffi U X i&(D $> h ^ (ittft i£yaeM33{s^cD * * □ ^ % ±fE 

II. -fVTW-f Mb£fo0££#»*fefl±3tt6dfc©-C*£6r£tt«:*-r 
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@Wi:T£!£DNAi$f)ir£. mmmm$>z^itDN A#%mmmx\ km? 

* 4ft S O D N AtSftf £ U fcfcK. . * 2 7p 2 -OT* 
KlfAU fti^lfiDNA^ff ALfc3S£***-fc. 

/^f 'JfAI, J/a-Ktt^R, /^;U7.1. ^Q/^r'J ^AJg^Kl 

*-t\sX\t, $J*(£. pBTrp2. pBTacL pBTac2 (v^tvfc*- U > 
#-V>A-f A*tJ: UTfrBK) , pKK233-2 (PharmaciattM) , pSE280 (Invitroge 
nttSl) , pGEMEX-1 (Promega*±£[) . pQE-8 (QIAGEN*±£g) . pQE-30 ( Q I AGEN}± 
H) . pKYPIO (ft BH 8858-1 10600) , pKYP200 (Agricultural Biological Chemis 
try, 48, 669 (1984)) , pLSAl (Agric. Biol. Chem. , 53, 277 (1989)) . pGEL 
1 (Proc. Natl. Acad. Sci. USA, 82, 4306 (1985)) , pBluescriptll SK+. pBl 
uescriptll SK(-) (Stratageneftgi) . pTrS30(FERMBP-5407). pTrS32(FERM BP- 
5408), pGEX (Pharmaciattfi!) , pET-3 (NovagenttS) » pTerm2(US4686191. US 
4939094, US5160735), pSupex. pUBUO. pTP5, pC194, pUC18 (gene, 33, 103 
(1985)) , pUC19 (Gene, 33. 103 (1985)) . pSTV28(£if jgtttS), pSTV29 
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Mm±$i) . PUC118 (SfflHttR) . pPAl (WBBBS63-233798) . PEG400 (J. Ba 
cteriol., 172, 2392(1990)) . pQE-30 (QIAGENftJtt) mtm&tZ Z. £ tf-Q * 

fci:y\ .0fl*.fc£, trp.T'P^-*- (PtrpJ . iac^O^-^- (Plac) . P u 7* 

^5^0^-3?- SPOiyD^:-^-, SP027"o^E-^- > penP^D^-^- 
fe*tf5dfc**"etS. *fcPtT2S: 2oitt5!I^-tt^7 , P : E-^- (Ptrp_x2) . 
tacyP^-^-. letl^n^ — lacT7yot-^-©J:-5{-AAfl*I{-aW- 
ES5t^!$tl/h7'P : e-^-^^ffl^-5 :k4«Tt5. 

U tK V - A IS ^ E J>J i: L T { i , ?t±iWfl&#T-^mT'f£&©T*&ttf£^&5 
t©"C"fe 2/ * -r> - #V (Shine-Dalgarno) EPJiiKM&n K> i:© 

(0y*fc£6~l 8%fi) IzmBbtz??** v 

(ttftfe ae? ST KtE¥***6E7>J % ES"T 6 c J: **a * t v\ 

?t iJfflBS h L"C li, Escherichia ^. Corynebacterium M, Brevibacterium M> 
Baci 1 lus fL Microbacterium jlL Serratia fL Pseudomonas jS , Agrobacterium lL 
Al icyclobaci 1 lus JS. Anabaena M. Anacystis fij. Arthrobacter jjl. AzobacterM. 
Chromatium M. Erwinia jjL Methylobacterium BI, Phormidium JH, Rhodobacter JH , 
Rhodopseudomonas lL Rhodosp i ri 1 lum jg, Scenedesmun lL Streptomyces JL Syn 
necoccus jj, Zymomonas Jjjgdgf fe & tf 5 C fc^X't. #£L<(i, E 

scherichia Hl. Corynebac te r i um lll „ Brevibacterium liL Baci 1 lus lL Pseudomon 
asM. Agrobacterium ^. Al icyclobaci 1 lus H. Anabaena H. Anacystis M. Arth 
robacter M, Azobacter lL Chromatium H. Erwini a ll. Methylobacterium liL Ph 
ormidium M. Rhodobacter U, Rhodopseudomonas SL Rhodosp i ri 1 lum BL Scenede 
smun jj, Streptomyces JiL Synnecoccus jjj. Zymomonas Jj|i-)ii"3"'5>{Sft£$!l^£ h\i 
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R»£1fc0ft#0!li: bt, 0diUi. Escherichia coll XL 1 -Blue, Escherichia 
col i XL2-Blue, Escherichia col i DHK Escherichia col i DH5a, Escherichi 
a coH MC1000, Escherichia coli KY3276, Escherichia coli W1485, Escheric 
hia col i JM109, Escherichia col i HB10U Escherichia col i No. 49, Escheric 
hia col i W3110, Escherichia col i NY49, Escherichia coh MP347 , Escheric 
hia col i NM522, Baci 1 lussubti lis , Baci 1 lus amylol iguefacines , Brevibacte 
rium ammmoniagenes , Brevibacterium immariophi lum ATCC 14068, Brevibacter i 
urn saccharolyticum ATCC14066, Brevibacterium f 1 avum ATCC14067, Brevibact 
erium lactofermentum ATCC13869, Corynebacterium glutamicum ATCC13032, Co 
rynebacterium glutamicum ATCC14297, Corynebacterium acetoacidophi lum ATC 
C13870, Microbacterium ammoniaphi lum ATCC15354, Serratia f icaria , Serrat 
ii fonticola , Serratia 1 iquef aciens , Serratia marcescens , Pseudomonas sp. 
D-G11Q, Agrobacterium radiobacter , Agrobacterium rhizogenes , Agrobacter 
ium rub i ^ Anabaena cyl indrica , Anabaena dol iolum , Anabaena f los-aquae , A 
rthrobacter aurescens . Arthrobacterc i treus . Arthrobacter globformis , Art 
hrobacter hydrocarboglutamicus , Arthrobacter mysorens , Arthrobacter nico 
tianae , Arthrobacter paraff ineus , Arthrobacter protophormiae , Arthrobact 
er roseoparaff inus , Arthrobacter sulfureus , Arthrobacter ureafaciens , Ch 
romatium buderi , Chromatium tepidum , Chromatium vinosum , Chromat ium warm 
ingi i , Chromatium f luviati le , Erwinia uredovora , Erwinia carotovora , Erw 
inia ananas , Erwinia herbicola , Erwinia punctata , Erwinia terreus , Methy 
lobacterium rhodesianum , Methylobacterium extorquens , Phormidium sp. ATC 
C29409, Rhodobacter capsutatus , Rhodobactersphaeroides , Rhodopseudomonas 
blastica , Rhodopseudomonas marina , Rhodopseudomonas palustris , Rhodospi 
r i 1 1 urn rubrum , Rhodospi ri 1 lum salexigens , Rhodospi ri 1 lum sal inarum , Stre 
ptomyces ambofaciens , Streptomyces aureofaciens , Streptomyces aureus , S 
treptomyces fungicidicus , Streptomyces griseochromogenes , Streptomyces & 
riseus , Streptomyces 1 ividans , Streptomyces ol i vogriseus , Streptomyces r 
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ameus. Streptomyces tanashiensis . Streptomyces vinaceus > Zymomonas mobi 1 

oc. Natl. Acad. Sci. USA, 69, 2H0 (1972)) „ 7"P h 7*7 7. h }£ (WHB863- 
2483942) , 3-£l±Gene, 17, 107 (1982) ^Molecular & General Genetics, 168, 
111 (1979)llfE$©#i£#££>tf3:: fc**T-§5. 

1 3 (ATCC37115) , YEp 2 4 (ATCC37051) . YCp5 0 (ATCC37419) , p 
HS19. pHS 1 S&tM&tZZttfXZZ. 

<. m*.i£. pho 5 t'd*-*--. PGKyo^-^- GApyn^-^- 

ADHya^-^-. gal l^D^-*-, gal 1 0 7*P =E-3? fc — 
HS'af ^SaR^nt-J- MFal^Dt-^- CUP17'P : e-#- 

fe$.Mffo£ L/"C(i. y P ^ -fe 7, • -fc U £->x ( Saccharomyces cerevi sae 
) x W^v An^tT. • ifry^ ( Schizosaccharomyces pombe ) , 9 U ^ 
P 5 -t* • 7^7. ( Kluyveromvces lactis ) , h D PTwKP > • 7VU7 >7. 
( Trichosporon pullulans ) > ^/zl7— #5 -feT. • 7;Ut: 9 7. 
( Schwann iomyces alluvius ) ^££>tf -5 C J: A 5 "C*§-5. 

fftfcfflV^Z 09A.ti, xl/^hD#U-^3>a (Methods. Enzym 

ol., 194, 182 (1990] . 7. 7 x P ^7 7. h j£ (Proc. Natl. Acad. Sci. USA, 7 
5, 1929 (1978)) , KKUf-tfAjS (J. Bacteriol., 153, 163(1983)) , Proc. 
Natl. Acad. Sci. USA, 75, 1929 (1978)E«0£j£«fc*tf5C i:* s "C-£5. 

Iff i«l&i:L-Cffl^S»^{zii. ^^^-tlT. 0UA(i, P 

c DNA1, pc DM8 (7 7" 3 D TUBS) . pAGE107 (^^¥3-229 

79 ; Cytotechnology, 3, 133. (1990)) . pAS3-3 (ffrBH¥2-227075) . p 
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CDM8 [Nature, 329, 840, (1987)) . pcDNAI/Amp ( Invi trogenft 
«) . PREP4 (InvitrogenttM) ; pAGE103 [J. Biochem., lfll, 13 
07 (1987)) . pAGE 2 1 0 %*m*?Z c t ¥V £ -5. 

*-fM (thCMV) ©IE (inunediate 

early) - SV4 0O»»y D ^- H*D*-f** 

ItifflfifcUTtt, ^T;W<|Bfi, HBT 5 6 3 7 (#88186 3 - 2 9 9), 
COSllfflJfi. COS7»J6. CHOaHf^|f5; i:A 5 t . t 5 i 

S^&Stffcfc^SC^T't, fc|*tf, xl/^hD*-U-j/ 3 >s (Cy 
totechnology, 3, 133(1990)) . U >S&#;1^>.} A£ (HfB8¥2-2 2 7 0 7 
5) . 'JjS7i^J/ 3 >g (Proc. Natl. Acad. Sci., USA, 84, 7413(1987)) . vir 
ology, 52, 456 (1973)t;i3«03ertt».«:«v^S d KX<E&*0!)% 
ftJSitfJMtt, M72 - 2 2 7 0 7 5 * V%{*ttBBV 2 - 2 5 7 8 9 

> • ***-X • 7 • 5*9 h U- • v = i7 * (Baculovirus Expressi 
on Vectors, A Laboratory Manual) s # U> h • 7n b u-)VX • -f > • * V 
*a9-.^* DS ;- 8 (1987-1997). Bio/Technology, 6, 

47 <l988)«CE«3ftfc*i*K:j:oT. - 

btI4W*±»<fi:ia^<;^^|/ c |i S *-r*x« 

^j£(IfcHNTffl^ibn5ig{5^A^^^-i:UT(i, «*tf % pVL13 
92, PVL1 393, pBlueBacIII (UC-f VtbDi?! 
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7>)b^777 • 7 • 7? I/ 7— • XV ^ • £ -f ^X (Aut 

ographa californica nuclear polyhedrosis virusi^^fflv^-S C h -5. 

L/T ii, Spodoptera frugiperda g>aijfelieii5T'&5 S f 9, S f 2 
1 ^JfaD^ fl/X-x*7.7l/y$/3 V • X. 7-7JH7hU— • 

7 — ^.7^ ^"/U 3.— • x-C f • 7U — v> • 7 > K • (W. H. Fr 

eeman and Company) , ^.n — 3— ^ (New York) , (1992)) , Trichoplusia ni 
OW*»lfi-C**H i g h 5 (-f >t' hP*>'i>ttK) f^i^S:^^^ 

($#^¥2-227075) . 'Jt;7i^'>3>a (Proc. Natl. Acad. Sci. USA, 84. 
7413 (1987)) «*tf SCI 

±EDNAfeifl*^/£iiaift^(*DNA«:«*-rs^Rtel!l«:«:^%tI«*U, 
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P / V - ^ 4 £ <D 7 - )V 8L tfffl ^ h ft 6 . 
•f-Offi*a*{b^ft, ifetf t-. ^x^pt.. iSxdf^, 

m%Motb-c&, y>ii-*yoA, y >&fg-#y ^a, i J>i7^^> 

HJ£. 3. 0~9. OCi^ftS. pH(D^g&. #S«**v^iW«OK. 7^ 

4 a t § ti, &s tifg -f > r a — y— ft jsj&h jsjn L T t, 

V^Dt>-^ -D-f-*#7* ( I PTG) 

t > K-;U7^ x ))vm ( I AA) ^EftlSJftC^inLTfc «kv\ 
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KtefflStlTV^ RPM I 1 6 4 0tgi& (The Journal of the American Medica 
1 Association, ]99, 519 (1967)) , "E a g 1 e (DM (Science, 122, 

501 (1952)) . DMEM^il (Virology, 8, 396 (1959)) , 1 9 9&i& (Proce 
eding of the Society for the Biological Medicine, 73, 1(1950)) £tz&Z. 

* 

*tiSe(£* ilSpH6~8, 30~-40°C, 5 % C Offi&TWQIkftTX' 1 ~ 
iSini L T t» J: v \ 

t-ttffiSn-CV^TNM-FHigJft (Pharmingen*±Si) . Sf-900 II SFMtgJfe 
(3r7:iBRLttfi) , ExCe 11400, ExCell405 (v>"Ttit;JRH Biosciences^ 
M) , Grace's Insect Medium [Grace, T. C. C. , Nature, 195, 788 (1962)) ^£ 

ii^P H6~7, 2 5~ 3 0*C^(D^TT\ l~5HF^fTO. 

mint. *mw<Dm&m\ aii6rtt»j»^i!ix-feaL/=»^{i{±, is*»t 

*T$?§j&t-<fc6ft^i£, ^^7>;i^ (DEAE) -t77D- 7., DI 

aion hpa-75 (smtrntm) mvvy-itm^tzm^ *y#&tu^ y?=>? 

S-Sepharose FF(7 7 :>7*tgg)^© U i/V WcH-f ;* □ 

22 
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£ 5 iWi*&*£*>it T J8 1 \ JUKKA iftSifc^-e^S. 

7 5 J S?12?iJ A»5> Mtins 7 5 J WSM * 6 S & K % h (f -5 C £: tfX- £ S . 
±E3&£C<fcyf£a£-ttfc56Rfc. FmocS(7^^iM^ 

A/z-K-^iS). t Bo cffiCt-y^^*^^*^-^)*®^^ 

ffitl.fco-CfcSSg-rSwfctf-etS. &fnM^(*® Advanced chemTechfr 

K)» ^-#>x/WT-^-v^>(*HPerkin-EImerttK), 7 
■r^(7>9 a. — x>Pharmacia BiotechftSl). 7 n * (^SProtein Technology I 
nstrumentttfi). ? 7/f7 (^SSynthecel 1-VegattSl), B^-t7*f-f 7"' 
U 5f«; K(*BPerSeptivettS). »»Sf|p3f«(D^7 , f- K^gt»%!pJffl U^JS 

in. 4 v •/]/;<< Yik&tooum. 
±i£ii. T-ttttistifcj&RiEJftttfc. ±ian. <&;&i£ni*i;-ci&*u 
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i^is^{;<tu. n*^?>K 2 , t> u =r j -f K*s©-f vtw -r k 

M^im:^ 5 t't5. Hftft&tf'Jh Lt. fflAtf. Escherichia^ (I 
R1-3«£»£JBJtteft#i: Ufc^fc**; >-8 ^y-^y >-8£>g!{&. Rhod 
obactj^£BT5ffl^»&J&ltlE»#fc U/c^t: #y >- 1 0 ©»3t, Arthrob 
acterRHJR1-5«*fe«|'S:}gHteg5#:i: L/ckf* 5 >K 2 Ofijg. Agrobacterium 

«{CJKT*«4»%JgRIEift(*:4: U/c7^^*-»f >f->0»3t. Erwinia gdB 
(1) 2M/<O>R«K±0»fcigtt®aiJ£ 

apt*. ffiftiii^©£jisa[»wffl^5a«sftoPH{i, awfci-ssmiostt'feifi 

JSi^Tli. pH5~10, $?£U< l£6~9T'£>-5. 

&a%$. maafffi. he pe saws*, mop sura, ^^tk^^®^^ 
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l±. NADPH. NADH**V>{i-tO(6©«^4^ fem ^ 6 - k3&ST . #> £ 

ffilCliO. OlmMMOOmM, ^ U *?£ L < . 1 mM~ 

Mg 2 \ Mn 2, ^i:>^|f^s. 

jfiCltOmMHlOOmM, i 0 KMlZttO . lmH^lOm 

»a^tt£i6}Rt|JOaftttO. 0 1mM~0. 2Mf*5. 

^hu. tto«imaK*«aAL>S:«a-e*-,-ctJ:v^ tie (2) ®s 
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C) *(c«kijafl*i»R«:»(ll^*1-555ri*'&*tfSCi:**-et6. *fcEffi®5t 
fr£#oTNADH*NAD PH*S8«-rs»£K|±, £fS?£<D 3 4 0 nm©iS 

-D-#S/;UD— 7. 5 - V h-T V* 7— tftl*5l*Tl±. 3 4 0 n m<D 

tfoZ£1fi-C%Z. 

m*m%.tzz£tfft£L<. 1 ~3^r^HT'ti!i^-r5d ia\ 

6#SC«^Tfi. SlSlSIHIti. lO^lBA^K, <fc U L < l£ 3 0 

5 « «k tfttlfc © £ W 4 Ml" 6 . mi K i tftttel © £ W % ffl. 
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#M n v mm® K U U1D A £ U 4 ^ - i: «t »J . 

IR&R l±, W » * fitB*fl * 3 ^ li»**J i: & 0 » * . 

Hi. ^2 2 1 9 1 0^««ttf¥«l l^^O 3 5 7 3 9 #©9lffl#KiE*3 

gilt i - 7***3/- D-**;Wn-.T. 5 - U M 7-- fe*© 

iStt(::#1-*££*pH©«»*^Ufc0-C'*S. 1 0 OmMFU 

*©£pHK*msi£«:'fe*ufc. pH8. otros^iooroat. &P 

0 3 11 f@|!OM&X.£MU/c&fe#±©y aeMlfi?*i*S«:ilfc8 
NAOW 

(1) *B§gDXSiSte^©i&gg2?'J** l Jffil'^ -TV^l^-f Mk£«J©£ 



r 
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£jSK0B#1-6£SK«:3-K1-$DNA©lfc» 

E. coh XLl-Bluetfc UlfcX) 41645, 1 0 m 1 © L B jff#igj& 

CllU. 3 71CT— «JS*Lfc. 

K»#«t»j, nrffitifle^».fef*:DNA*4i« • 

SS?'J#^ 1 2 fc<fct>' 1 3 . S6J'J#-t 1 4 *J J:tf 1 5 . K?iJ#*t 1 2 8 itfl 6 
EWM 1 l&ktfl 8. EJ!I#-£1 9*iJ:tfl 3 tDJSSge?'J£>M£i±£^1"£ 

am H I fe'J:tf Eco R I ftlPigsflijOBPrgPftS: tft? *Hfi" * ir > 
7^5-f7-fiJ:tf7V7 4 t>7y7'f7-. Kfl!#^2 2 *5j:tf 2 3 tf)J£SE 
5iJ©ffl^-tt«:#1"* S'^ffitl B am H I fflBUg&QJBrffittfc ^n^-'tvfr-f <5 -fe 

WDNAt^itlt, :*l^7'f7-i:, TaRaRa LA-PCR™ Kit Ver. 
2(£j9£ti:fi). Expand™ High-Fidel i ty PCR System^- »J l/jj— • 
A#S)£/cttTaq DNA polymerase (BoelinngerttK) £JBi#\ DNAThermal C 
ycler(^ — * >x;Ut — ^ W±M )T? P C R £ *t o fc. 

PCRIi, 2 k bJSTF0DNA»ffirl*9 4"CT'3 0#IH, 5 5°CT'3 0#~l 

NAWffr{±9 8'C"C2 0»Hk 6 8°CT' 3 #M*»£>fc.5El£lgfc 
LT, 3 01M *;Wt ofcft. 7 2TST*7#|HEj££-eS&frT*fTo;'i. 
PCRCi yJtBSftfcDNABfJiOS**, 5'^i:BamH I fejitfEc 

o_r i ^ji^i^^^if^{i4^ti^nw-r-5t>7.y7-rT-fc s };tf7>f L -t>7. 

7-%^Ttf BSnfeDN Aff)WtfMIK»% B am H I fe J: t>* E c o R 
I T'jfftU 5'jfcffitC B am H I iHIRfi^^W^ftfc* ft^tt*-T5-t: 
7 -f T -8 J: tf7 >f- -t ^7 T - £ ffl i^T Jttf £ ftfc D N ABf ft liflJBIi* 
iBamH I T'JHftUfc. 

HUbflL ^nibSflPlP^MDNA^f>t?:77JD-7,>f;umm^lilL, Bam 
H I - E c o R I atlDNAjfrfe^tf B am H I N A»f it 4 Lfc. 

I a c yn^-^-SrW-f Sj£lf£l^?#-p EG 4 0 0 (J. Bac. , 172, 
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2392 (1990)] ®m&m B am H I «ktfE_c_o_R I X'ffiitik* 
y<MWUMfrfcfrv\ B am H I - Eco R IffilpEG4 0 0®rfrfc&#U/c. 

puci 1 8 (^.mmm) £M8MSSB_amH i -cm&. t^d-*^ 

fr^B_amH I ftlpUC 1 1 8«r/ifc8rttUfc. 
±Et'|Hf^n/;BamH I - Eco R I $&gD N A Writ Co^T B am 
H I - Eco R I &JIp EG4 0 OSffrkfi^Lfca. X# y -;Ujfcjfifc ffv\ 
»P>ttfcDNAfctJBft& 5 a 1 ©3RS*{w»)WL. 7-<<f— >3 >£{Sfcfr5 - 

KJa»^.*DNA%fflV\ E. coil (3K8MifrJ:«JJ*A) DH5aflcfett}£U:t!6oT 
TBJtlEttft. I£J£fl$£&ft£7^^y V^>> 1 0 0^ g/m 1 &tt'LB$ 

7**93- J^4i/*s 1 0 0 ^ g/m 1 &£L'L BfcfltJSJftl 0 m 1 T*3 7 °C 1 6 

@a#i#-t 6 £i&g>%&K$i &*n-6 dna. mm^ i iHfco&mmn % #1- 

5 D N A, i5?J#^ 8 ffitt® %£££j fe*f "T S DNAJ3J: tfSS?iJ## 9 ffilROifi 
Sl^JfcWf 3DNA K 4 p ADO - 1 . ££l#-9 6 IBttaiflg 
EflIfc#-f3DNA«:£fc:/7;*5 KfcpDXS-1. S2^i#^ 7 ia«$Oi£ftg2?»J 
iWDNAi^t.'^^^ KtpISP-l, SW!l#^8 3Bfc0iS2HB?!l* 

±BB'Cfl*»3*lfc B am H I MDNABrfrfe'J:tf B am H I U 
CI 1 8.«fJi xir y-;uttia%^^, fcfctlfcDN AifcHMSlfc 5 
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i£7^*5 H Bam H I ffiSU S«©DNA»rfi«:±Ei:lRi8to>#8"eEl 

y ^ □ - - V ^ C J: U f» ^ . 6 Ett© MiaW 4: * 1- * ^ 7 

^§K%pQEDXS-1 

® ^M^^xy *y 

E. coHW3H0^ (ATCCI4948) £ . LBiM^lCill. £T'tg|£ 

jgsm, # f> ntz^mm £ u «k y lift * «i» o ft. 

WLmW*. 0. 0 5Mh y*-vl^ VS*««* (pH6. 0) £ 
t*S»«KNTG 6 00mg/l 3 J: ? Kin A. ^j&T- 2 0# 

#fcttfcgJM&ffil8#4:**-;l'xy *y h-;K). 1 %fe£fcM9*^*^ig 
^f^xiMiJ h-;Hi, Tetrahedron Letters, 38, 35, 6184 (1997)CEft® 
*f-;Uxy*y h-;U0. 1 %fe£t*M9«^*X£J&±"C£*U-C£fc3n 

M9«^*35^fJ&i:yf-;i/xy 7.y h-;p%o. i%tt'M9f^ 
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E. coUW3110ft (ATCC14948) fcLB^^iteK^ffi UT»&^M$ £-C*ig^ U 

i£&£#dna 2 o o a g %mimms_*u_3 a i -csMHiUbu *§<bftfcis 

<kDNAWf^r%. 2':i-*n-*t&ME«ii'fr#fc (2 6, OOOrpm, 2 
O'C, 20hr) ££«J. ^-rX^BLfc. 

KflfflK J: yfl*ftS*xfc**3**4'~6 k b£>DNA©f)t£, fclPlPlSl B am 
H 1 t'iftL/:^^~pMW 1 1 8 (->y >tt») i:7^^'-'>3> 

f£^«(r^T£WUT □--^7*7 7.5 K«:fl&asUX«iaSE 

ttlHWJfcifefeUfc^n-VttEJWl- l 0 Ka*£tt-5Ja»E?»J££fcE*iJfc 

!£E?iJ**rT£?n->© 1 flU 'J&ftU/c 7*7*5 KS:pMEW73i:tft£L£. 

pMEW73£ H i n d Illfc J:tf S a c I X'-MffiitL. %hftttfcWSi%\ 0C 
3* £ ft 5 &gE?'l £ *1* 5 iLi_n d H I - S_a_c_ I &£DNA0r it £ £ € * * 
-pEG400 [J. Bac, JJ2, 2392 (1990)) £DT;Uf-^ o -^>7*M M'MU 

TpEGYMlfcflsROfc. 

±ISHJjn_d III- S_a_c_I ^SDNA^f)t^^^^-pUCl9 [Gene, 33,103 
(1985)) (O H i n d III- S a c I WttKj&teUTpUCYM-lfcft:»Lfc. 

Genbank©r-3"<-7.t;3lo*< *»«©5fefei*:JaaE? l JitlS«k U . *9 9- 
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y a eM«fe*fc+£^;^$ ±5fc*&«*fl^**-fcPCRj£ (Science, 
230, 1350 (1985)) fcE^TTia^&C J: Ui^b/c, 

U fcEM £ WT<6 7 >f"t 7^7 -f V - £ D N A£#8I £ ffl V L fc. 

am H I 0{HIR»*1M h fc {-Mm S 1* rt: . 

&&#DNA£g&§!Ji: It, T-fc^tHaq DNA polymerase (Boel 

inngerttM) £fflv\ DNA Thermal Cycler (/*— dp >x;l/V--»/^>ttS) t? 

PCRI4, 9 4TCT-3 6#KL 5 5°CT*3 0#P^. 7 2TCT*2^'|B*» l b*cSS 

j&igfc ii7--r^;i'i: 3 oiM^fjofca. 7 2^t* 7 #mrj£ 

it«$nfcDNA»f)i*J«ttfpUC118 (SffliSttS) tiMBaSJ^B^inH I-C-HI 
fttt. ^^^DN AWf Jt £ 7 # O Y;Mi$UMHl Ciotilil/:. 

MAfrDNA^y a e Mlfi?T'*5 Z t 5: D N AE?>J£&/£-t & - i: K 

tl?)tl/:a^^DNA^pQEYMU^U/;. 
7>kT'>U >100/t g/m 1 ^^t'LBf»t:l$l, 3 7'CX'-Wttgm 

B$hfc:fcJ:»J. y a e Mi!(5-?K«fc 9 ME 7«c©«S*iffiM$ns:J:i^ 
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(MM 2) WA«lCJ:Sa^^-8 (C0Q8) (D±M 
(1) £»08lT-flM§L*::/7*3 Kp ADO - 1 , pDXS - 1, pXSE- 
1 i/cliu y Y tt—jlt LT p E G 4 0 0 £E. con DH5a&<;-e*V?;ft$9A U 
1 0 0 » g/m 1 MO^^^; 7 ^ ^VCjSatt^tWiEii^ coli 
DH5a/pAD0-l, E. co±i DH5a/pDXS-l % E. coM DH5a/pXSE-lfc itfE. coH 
DH5 a /pEG400 % & * L it. 

^7 5 > (thiamine) k** 5 ^fc-ffif ft 1 OOmg/1, p-fcKn* 
50mg/l, lOOMg/mljSftjUfcLB 
1 Om 1 AtlfcRMtic n^iir^^iiU 3 0"Cf7 2 IMS 

MOgil3 0 0 /xll:2-^;-^3 0 0 M lfci^'7^*-X3 0 
0/tl*Jn^ 7W-X^> 3 .^-MB- 2 0 0 (£#»KttK) T?5 4MB 

R^;-;H«H©CoQ8f:. W^D7hy77^ - (LC-10A 

^7A(iDevelosii ODS-HG-5 (»Wt£) £Mv\ * * y -fr : n -^*-y-> 
= 8 : 2®ftftt:iMM B fc U «j| 1 m 1 /m i n, 2 7 5 n m©*fr 
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[0D660] 


CoQ8^ffS . 
Cmg/L] 


* 


E. 


coli DH5a/pEG400 


5.8 


0. 63 


1. 1 


E. 


coli DH5a/pAD0-l 


5.5 


0. 98 


1.8 


E. 


coli DH5a/pDXS-l 


5.2 


0. 85 


1.6 


E. 


coli DH5a/pXSE-l 


5.6 


0.67 


1.2 



*1 :B#rt^ftttCoQ8£Kft[«ig/L]£l OfflFl, 



C o Q 8 W4^Hi« 3 Vhn— ;M&DH5a/pEG400ktttfcU DH5a/pAD0-l, 
DH5a/pDXS-lfe<kU r DH5a/pXSE-lT*{i^SH^*^/i. #C *5S^>J 1 T-iRti 
LfeDNAfe±-C*AU/cDH5a/pAD0-lCtJV^X»t.SEw^fitt*s»c>tlfc. 
(2) M9^Ml0mlAn^f(:, ±E ( 1 ) -CttfcU'fcE. coli DH5 
a/pDXS-llifcteE. cp_H DH5a/pEG4005:^n^ r tl*i® U 3 O'CT'7 2 5^ 



*J&^?£1tiE&#c<73 CoQ84 







[0D660] 


CoQ8£M£ 
Cmg/L] 




E. 
E. 


coli DH5a/pEG400 
coli DH5a/pDXS-l 


3. 1 
2.5 


0. 49 

1. 02 


1.6 
4. 1 



*1 : Bftrt'&SHC o Q 8£Mg[mg/L]£ 1 Of&L 

fcffi££W£[0D660] o t MT:^ L fc, 

C o Q 8 ©4^111 □ > h O-;MfcDH5a/pEG400£J£$fcL. DH5a/pDXS-l 
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(3) *MU*»BKJ:.5CoQ8©£g 

MfcM 1 T'ft&L/cT'?*? KpEGYMl N D-^i: LT p E G 

4 0 04E. con DH5a«feC*AU 1 0 0 * g/m 1 WJSL<D7.*9 * J H *s 
>£&0ltt&*i"JBRIEiflftE. coh DH5a/pEGYMlfc itfE. coU DH5a/pEG4 

4010-3.1%, £#5>B, 100mg/l, b'#5>B 6 10 0mg/l, 
p-/^ K 5 Omg / 1 i&ftlLfcLBJgiftfc 10ml AftfcK 

*S£i&7&> ±E (1) fcP5»©^ac{:j:y»KIE»#:CJ:*CoQ8©M 

^3 



*Jg@^$B&8c<D CoQ84I 







[0D660] 


Cmg/L] ' 




E. 


coli DH5a/pEG400 


14.44 


0. 83 


0. 57 


E. 


coli DH5a/pEGYMl 


13. 12 


0. 94 


0.71 



* 1-: BfcftMttC oQ8£Sft[Bg/L]£l OfgL 



C o Q 8 ©Mill 3> h n-;i/&DH5a/pEG400£:J£3&U DH5a/pEGYMlT? 

( i ) ^^;7-f«»i i o o ac g/m i asjnUfcTBJSJft m* y 7 

hXr-f 7utfc») 1 2 g, »«x4f* (r-f 7 3ttfi) 24g. ^'JtD 
5 g 0 0m 1 fcfcWU KH,PO,40. 17M, K 2 HPO,£0. 

7 2M4*t«*»»% 100ml JjnA.-CW»Ufci3«&) * 1 0 m 1 XnfcttSl 
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WK. (1) "CRlflUfc.- E. cc_n DH5a/pAD0-l£fcl±E. col i DH5a 

/pEG400fc*n-?ftttiIU 3 0*CT-7 2l$mMJg*Lfe. 
«f**7ft. 2 (1) (DC o Q 8(0^fij£i:^(0^?£(I«k «JMK- 8 







[0D660] 


Cmg/L] 




E. 
E. 


coli DH5a/pEG400 
coli DH5a/pAD0-l 


23.2 
23.5 


1. 1 
1.8 


0.46 
0. 75 



* 1 : Steft^fittC o Q 8 ££ft[mg/L] ^1 Of^L 
*:* fc£Wft [0D660] "<?« o fc^T-^ Lfc. 

MK- 8£0^jg4(i» 3> h D-;i/t^DH5a/pEG400i:itt!UUT, DH5 a /pADO 

(2) HS£0<J2 (1) T-ttWOfcE. coH DH5a/pDXS-l*fctiE. coli DH5a/ 
pEG400£. ±E (1) fcH»©#i£-Cig*U M6»*i:i5MK-8(Dti 

^5 



*:Ji&®7^*Ej&8:<DMK- 8£M 







[0D660] 


MK-8£M 
[mg/l] 




E. 
E. 


coli DH5a/pEG400 
coli DH5a/pDXS-l 


42.8 
44. 0 


2. 41 
2.96 


0. 56 
0. 67 



*1 : ttflcrt^ftttC oQ 8£Sfi[mg/L]£ 1 OfgFL 

fcM5r^WS[0D660] T'Hotlt* Lfc. 
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MK-8©ilili, □> h n-JimHSa/pEGAOOtttm^X, DH5a/pDXS 

( HiKSfiW 4 ) Erwinia carotovora tl «fc -5 C o Q 8 (D^rM 

1 T-|X#L/i^7 7.^ KpDXS-1 *fctt3 > h D-;|/fc ItpEG 
4 0 0 £ Erwinia carotovora IF0-3380^(Z^A L. 1 0 0 At g/m 1 jggOT. 
* ? J V -f > dig Sift £ ^TJ£ IF0-3380/pDXS-l i V I FO-3380/ 
pEG400£TOL/i. 

7**2=}- J -?4i/y*. I Q Q n g/m 1 jSinL/cL Bigifc* 10ml Atl^c^ 

ifc©iccnt>^scs£gi#£*mu 3 o*c-c7 2 nsfaiiM^g l /c. 

$6 



Enrinia carotovora jggjjs&gfetC i5CoQ84 





OD660 


CoQ8£Mfi ^ 
mg/L 




IFO-3380/pEG400 
IFO-3380/pDXS-l 


1. 68 

2. 48 


0. 26 
0. 45 


1.5 
1.8 



*1 : SfrF^fittC o Q 8Mfi[mg/l]£l Of£L 

fc®&£W§[0D660] T?HotfT'* Lfc. 

C o Q 8 CD£j£ftf£. n> r -D-;l/8UF0-3380/'pEG400i:J£$£U I FO-3380/ 
pDXS- 1 T- M C iS o tz . 

(HJS5M5) Erwinia uredovora d i. 5 JHf 5- y ktfftu-f J -f \<<D±M 
SJSfiW 1 "CBlff KpUCYM-1, pQEDXS-1, pQEYM- 1 £ & n > h O- 

LTpUC19fc«}:O : pQE30£xU^ M3#U^—>3 >j£u: J: 'J Erwinia uredovor 
a D SM- 300801*11® A U 1 0 0 n g/m 1 jgg(D7 "J XClSfciteSr^l- 
J£&f£gl#E. uredovora DSM-30080/pUCYM-U E. uredovora DSM-30080/pQEDX 
S-l, E. uredovora DSM-30080/pQEYM-l, E. uredovora DSM-30080/pUC19fc <fc 
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E. uredovora DSM-30080/pQE30 £ U tz. 

jy\£i/\)y lOO/ag/ml. k**3>B, lOOmg 

/l, fc'*S>B 6 100mg/l, p-MKD^f^^lfS 50mg/l 
MU/cLBi£&£ 10ml An/ciSS^C U. 3 O'C 
•C7 2^gli*IUfc. 

i&^j&T^ H«50>J2 (1) fcl^C^KJ: U^fClfc&frKcfcSC o Q8© 

-7*y-;Wf *#ftftgH-£Jgv\ 4 5 0 nmc^iR^taa^-r-SC ij 

317 



E. uredovora Tgff J; 5 C o Q 8 *J £ # o > / ^ K£g 



£^rjfc C0Q8 j?af/>f K 

°»g/i ftSMfc ftfrfr 

DSM-30080/pUC19 2.00 1.15 1.0 1.0 1.0 

DSM-30080/pUCYM-l 1.88 1.39 1.3 1.5 1 5 

DSM-30080/pQE30 2.52 1.29 1.0 1.0 1.0 

DSM-30080/pQEYM-l 1.92 1.36 1.4 1.7 2 . 2 

DSM-30080/pQEDXS-l 2.12 3.21 3.0 5.6 6.7 



M-30080/pUC19 1 J£$$! U DSM-30080/pUCYM-lT*li*E o fc. 

-;MfcDSM-30080/pQE30i:it$fc U DSM-30080/pQEYM-lfc<k tfDSM-30080/pQEDXS-l 

(H5S#<J6) ^q^iMM Rhodobacter sphaeroides fl* (P-f V~7\s J 4 Kfl: 
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(%fom6) 7E-£j£iffl^ Rhodobacter sphaeroides fotbEK V ~f U J << Mfc 
£ M#-f £ M ft 3 - K 1" 5 D N A ©Ifcff 
( 1 ) R. sphaeroides frfrflDX Sgfc^gQM 

^□^ftgenbankck 'JtMRLfc. 4©^^. Haemophilus inf luenzae (P45205) > R 
hodobacter capsulatus (P26242). Baci 1 lus subti 1 is (P54523) > Synechocystis 
sp. PCC6803(P73067)fe<fcq ; Mycobacteriun tuberculosis (00 71 84 J^T'/i-N^: □ 9 

Rife. «#7 5 ^»H?J ifi3£R5!l£R. sphaeroides £>:i KVffiJgfg 

«fc*Jt£v^ft"CI!MH-U ■b>^7 r 7-TT-i:L-CR?II*^3 2 fccfctfR^Jg^ 
3 3 CR«©iaaiR5«Jft^r-tSDNAWf>Trft. TVft^^-fv-kLtfi 

R. sphaeroides KY4U3tt (FERM-P4675) AZmMt LX, ±1H 

^7^7-^1, Expand™ High-Fidel i ty PCR System^— V V#— • V WW A 
aS)tfflv\ DNAThermal Cycler(/*-* >x;uv — *»^>ttS)T-P C R 

PCRIt 9 4°CT'4 0#|BL 6 0X;-C*4 0g>|HJ. 7 2 TC"C 1 $HH*> *b 
JSlgfc 1+^ L"C, 3 0-9- *;Mr-?fcflL 7 2 'CT' 7 SUBSffiS"**-* 

*fr-CffV\ aftfcTSDNAfrJift&ttU/i. ClcDDNAff^rftDlG DNA Labe 
ling Kit (A-iJ>*'--7WW^ttS) fcffiV^CD I G«»Ufc. 

R. sphaeroides ODX Safc-y^gfcBtW-fr&fetf). KY4 1 1 3^©^^^ 
7-f^7'J-4ftjSLfc. KY4 1 1 3*% LBJgJft-C-lftWU, &fe#DN 
AftttdiLfc. fHM*S_a_u.3 A I -CgBMfl: UH ^> a tt&&5)R&3§'b&£ 
i»J4-6k bcDDNABPf^ftft^U/i. »D N ABfttf £ JBajnH I flUtUfc* 
?*-pUC 1 9£Ligation Pack(^«y # W>*->*±^) £ffl^T>lii£U *M 
IDH5 aCilg^U/:. J£KIE8&<* % 7 > U > 1 0 0 a g/m 1 
L B 7"U- h »1 0 0 0 0i©3O--feftfc. 
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a^0TODXSiat^^i:ta[5H4^0ii^v^6RF*iBtb$t^/^. IS?>J#^2 6f^1- 
75 yKEyj$:DXS K EWf f 2 7 1 7 5 > 1E$>J 4 D X S 2 t ^ L 
it. 

(2) *»«DXSa&^ftft«:ffl^fcffi}»ttfl|jB 

E. coli W3110* (ATCC14948) fe, LB^JteCHIU, ttftif JUB^T'iS 
0. 0 5MhM-7l/-f>jMI«itt (pH6. 0) X'fofrfa m 
K»»ttlCNTG«:»M*S6 0 0mg/l J; ? Kin*. MX* 2 0# 

1 -5 s #*i'*$/;UP— J. C. S. Perk in Trans J., 2131-2137 (1982) tl 

3D— M9*^*^JS&fc 1 -xtf^ + ^UD-^fcO. l%£t'M9 
*0>*35#%£l/:/y;frU 1 -x#*S"¥S'Jl'n — 0 . l%^t'M9i^ 

me i«si±Dxsafe?*«xaufcat-c***i:5pj«fUfc. 

(3) DXS 1 fcitfDXS 2 £>*gfftttt£St 

KY4 1 1 3tti*0. Kfll#-f§-2 7*»6fc*DXS 1 i3-Ht5DNAR 
fi\ *J«tt/i2^J#^2 9*><b&5DXS 2fe3-Kt5DNA Wrft $ 
-pUCl 9® 1 a c ^D^-^-TS&CiliaUfc;/?** H^Il/;. 
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wftM«fsu/c77 7^ Kfe-tn-eftME imzmxbtztza, dxs 1 « 

W±©wi:*»t>, R. sphaeroides &fcVl/tfVgSfc^'J-trjl/yjl/T^ K 3 — U > 

tt£*-fSDXS 1 fcitfDXS 2(7)DXSilfic-?42o»oi2:*S|yq)!Lfc. 
(4) R. sphaeroides ftife*»;Uxi)*U h -;i/g#f£f|fiiil£ : ?K>Ssa# 

HJSfifiii (2) ®t-#f>nfc^n^ f ;i^x ij 7 y h-;n*«iftME7 

1 irD-^fe^k 11 ImM H E P E S 2 0iSfc» LT 

Hfl50>J6 ( 1 ) -ef^jSUfcL. sphaeroides KY41 13ffi.<DY J A 

7-r >; u/c 7^ 7.5 k*, ^j£ti&<,\ ii/nDt^->3> 

7>tf'>U > 1 0 0 n z/ 1 fc£fcL B*55«fJftH|fe#L. 3 7*CT' 

£*&i*iS%-C*t.£Wl/fc atfaU^y^T.^ KlIIL sphaeroides &jfe 
O^fMU^iJ h-^SSttfefflHt-f SDN A«fJi**£*tt"C^£ d 

*DNA»f>i©ijl»Ejy«:ftSLfcl|g*. E9>J## 3 1 *B§®yaeM 
fc*§|5H££>if&^7 5 y&E?'J£3- KTSDN AE?"J *i 7^. 

(HJS0IJ7) ifi«A3t^l|iHB{lJ:S3.e*y 1 0 (CoQIO) ©4 

£J60H6"C8tfcLrt:E?!l#^2 7 f> £-5 D N AWrfr D X S 1 fc J: t/Eyj** 
2 9^f,^5DNABf)tDXS 2CD±?ft(I, KY41 lS&i&CDglnByD =& — £ — 4 
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£J£U £!g±i^:?*-pEG400K}¥ ALt^L^y?^^ K £ pRSDX- 1 «fc 
tfpRSDX-2i:ift£U/i. yaeMfcDX S 1 \$ >r AKjlMU glnB^P^ 

-*-TSKaU8l/fc77*5 KfcflWSU pRSYMDXli:ift£U/c. ^^^^7^ 
5 K£, x|/^hD^l/-i/a> (Bio-RadM) (liUR. sphaeroides KY411 

ftU 3 0°CT'3 B^ig^U*:. 
if U-Ctfc^a--?: 1 00/i g/m 1 fejg CD X ^ ? fV7 ^V^^t'L 

ffbftfcSftJ: Kttifc (Qiagen*±|g) U ^»Al/:/7AU' 

£&8Lt:v^;: C<D J; o iz UTt#f>n/ifl2K&&ffcS:KY4113/p 

RSDX-U KY4113/pRSDX-2. KY4113/pRSYMDXlfc «fc tfKY41 13/pEG400 i: L fc. 

ffi&Jfe 2%, ^7h> 1%, 1%. NaCl 0. 

5% (pH7. 2. NaOHfW) ) £ 5 m 1 AnfcKM££J&KIEftfc 1 8: 
-SfcBttBU 3 0°C"C-2 4l$|H!J3*Ujfe. 

;lO-7. 2. 7%, U->*f--:7*ll 77- 4%, ««7 A 0. 8%, 

»J>»l;frU$A 0. 0 5%, U>»2*U«>A 0. 0 5%. igi7^'>") 
A • 7zk» 0. 0 2 5 %. • 7^10^ 3mg/l, 7^7 ^ > 8 

mg/1, -nf 8mg/l, M/-7.xi/^>h 1 m 1 / I 4^t'W 

4 p h 9 i:ns%. &»#;w'>?a i %*muLx*-~h?u-7mwistzh 

CO) % 5 m 1 XtltzU^^maL. 3 0*C"C* 5 BflHML/;. 
*«»7ft*«SffiI2 (1) (DC o Q 8(D^S& tl^^cD^r&flJ; 
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£?fi[0D660] CoQ10S?aa[mg/l] 



KY4113/pEG400 
KY4113/pRSDX-l 
KY4113/pRSDX-2 
KY4113/pRSYMDXl 




23. 7 65. 2 

23 81 




C o Q 1 0£/&fili, :i>hn-Jl'&KY4113/pEG400££fc$fcLKY4113/pRSDX-l, 
KY4 1 13/pRSDX-2 <fc C/KY4 1 1 3/pRSYMDX 1 1? ii^E £ o . 

( 1 ) yaeMJlfi"?©K56afl: 
y a eMSfc-? <k 5 * 5 K^PCRS (Scie 

nee, 230, 1350 (1985)] *J8v^CTK#ffiKJ: UflHSUfc. 

Ufcfi5<Jfe«t67m>7y7'f7-S:DNA^jS«tffl^TCA jSl/fci 

> 7. y 7 -f T - *J <t 7 > -fe > 7. 7 5 -f V - CD 5 '3c$aB (I fct-f tl^ft B. 
amH I CDftMBMSSIM hfcttJnSit*:, 
&fe#DN A*m$ltbX. Ztlb-rvJV—S&tfTiQ DNA polymerase 



U -^±S) DNA Thermal Cycler # >x^t — 

ttR) T-PCR^fiUtCi'J y aeM«fef4iilfe. 

PCRIi, 9 4t;X-3 0^P5. 5 5lC-e3 O^fgl, 7 2r-0 2#|g|*^&S£ 

ii*$nfcDNAK^tJJ:CfpUC118 (£fflfi*tS) feffllif B_amH I 

{jcDNA^f I/:. 
l^aSI^.(^D N AA s y a e Mj&&*V$>Z Z t £ D N AgH^J £&£-t£ d i: (I 
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* 

7/fO-^^*»»«l«:fTV>B_amH I jQly a e MiI£^£WD N AWffr £ 

PQE30 (QIAGENttSSi) «:«IR»*B_amH I T-fHfttt, 7 iSu-7,¥ )Vm.%% 
■ftfeff^ B amH I *Q.gpQE30»rfi 4 flfcfcUfc. 

±IB"Cl5lf#$n^:B_amH I $&Sy a e M]gfc?#%D N Affrfr B am H I 

sllMDNA41V\ E. CoH JM109«c'8:1irjSCt£-3TJgJHESItt. && 
Kte»fr«:7>lfS/U > 1 0 0 At g/m 1 fe^LBSl^ilCMl. 37t 

7,5 Htf*5:J:4iBLfe. Z<D77*$ KfepQEDXRi:ft£Lfc. 
(2) y a eMafc?jg«l0iSttai£ 
® y a e Mj£&? g$!<D*f SI 
(1) -OftjfcLfcpQEDXRfcfcffiKJ: »J pREP4 % * f <5 E. coli M15*fc(QIAGENtt 
ig)KgAU 7>bTS"; >200/tig/ml. #^7^> ^SMg/mlfCBfefc^-f M15/ 
pREP4+pQEDXR^5:#/c. 

M15/pREP4+pQEDXR«s«:7>t''>y > 2 0 0 a* g/m 1 , ^f7^'»2 5 m g 
/ml^t'LBiMlOOml^ 3 7X-CJSF*L. 6 6 0 nm©»*Jb* 

J:5CSJPbfe. Sf>C3 7TC"C5«f|ffliS«Lfcm. iii^i (3 0 0 0 r pm. 
10 4J-M) HJ:o-CJ«*±fllfe»Wc. :o»#4100mMhUJa»«»« 
(pH8. 0) 6mlC»jRU jgWMM(SONIFIER,BRANSON*±gg) fcffl^T 
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frftL^offifcftUfc. ft&ftfcSttttftjK&jg&ftf! ( 1 0, OOOrpm, 2 
0#m. 41C) (I \j . ±»«:lalJRL/c. w©«lfi}i!iiJb«aifr±»4Ni-NTAl^'>* 
>*7A(QIAGENtt»){IiiL. 2 0 m 1 (.1 0 0 mM hU vUfigt 

(pH8. 0), 5 0mM 0. 5%Tween2 0] -CifcfrUfc. 

o^-e.»aia«« (lOOmM MJ;MM* (PH8. 0), 2 0 0mM-f^ 
10ml£iii§U SSaifRfe 1 m 1 -3r>#mbtz. 

&ftmiz-D^Tm&m*ffl%. (bior ad^iat^-y msjb)u 

SUfc. 1 — r^-*->-D-4^An-^5-U HPLC [j77A:S 

enshu pak NH2-1251-N(4. 6 x 250mm % Senshu%t»), : 1 0 OmMKH 

P0 4 (pH3. 5)) Ciot 1 9 5 nmOia^Sfeil8^-r5^j£T-ffo^. 

*»SOdx sJtfi?S:S5ie3a-r*y7^5 HpQDXS-lfe±ea'fcH«t{CE.coli 
M 1 5/pREP4& HIAU M 1 5 / pREP4+pQDXS- 1 » ft . 

^^W8 (2) (Dfcl^&CJSfcU Ni-NTAUi/*>#7A£ffi^Tdx s 

RJffKd x sm&n* 2 0ml <D£JES» (lOOmM h V T.ig.m (p H 7. 
5), lOmM k>t'>itb^A > 3 OmM DL-^"Jtmfk K- 
3-U>», 1. 5mM fTr/k'OiJ^i, lOmMMgCl, 1 mM D 

1 2B*|H|£j&Ufcft. 3 0 0 m 1 CltffRU SttM^^A (2. 

2x8 cm) fcaufcft. Dowex 1-X8 (C 1 3. 5x2 5 cm) Kffl«U 

1 Lfc. &aili#fc»tt&. Sephadex G-10 ( 1 . 8 x 1 0 0 c 

m) U. *T*»ajUfe. 1 -x^^-D-^^d-t. 5 

I£*fr3fc 1 - x * * *-D- * ;l/ □ - 7, 5- <J > g£ T- * £ d £ N M R # ffr ( A-50 
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1 0 OmM (p H 7 . 5K ImM MmC 12. 0. 3 mM N 

A D P H J: Hljfcfc! 8 (2) ®Ti#£y a eMjg£?g^££fr£lS?£l m 1 
±$&<D&oiZ£ftLtz 1 - ^^^-iy-D-^-yjUU-Xb - V >M0. 3 mM 
<(&SS) trinx.. .3 7'CT-f f h *tf)N AD P 

* 

H<Dig$£ 3 4 0 nM<DM£#ftftJgfKUV-160, S*>*±&)-Cil!l£1-5;&i£-e 

£fr<<\ M®*%-&btz. 1 -■r^-^^-D-4^^D-7.5 - D 
0. 1 5mMi: Lfi^^{i±Ei:llli:m^©SfL>^2 0 0m 1 IH1iK3 7t: 
T-3 0#|?a-f >*j.^-h L/cm, ^©±ftS:7£ffij£;*7 7AKiIU jIj§&£* 
X' 1 LK^IRU*:^ Dowex 1-X8 (Cl-gL 3. 5x2 0cm) *7Ai:Ill 

1 %&&zK4 0 0ml U Sephadex G-10 ( 1 . 8 x 1 0 0 c m) KJitg 

HR-FABMS^/f*^#^i$n/c£itvg^©^?^{±C 5 H 12 0 7 P [m/ 
z 215. 0276 (M-H) \ A-4. 5 mmu] t&feZ fttz. l H-*> J; 

'H NMR(D 2 0, 500 MHz) : 8 4. 03(ddd, J=11.5, 6.5, 2.5 Hz, 1H), 3.84(ddd, J 
= 11.5, 8.0, 6.5 Hz, 1H), 3.78(dd, J=80, 2.5 Hz, 1H), 3.60(d, J=12. 0 Hz, 
1H), 3.50(d, J=12.0 Hz, 1H), 1. 15(s, 3 H) ; 13 C NMR(D 2 0, 125 MHz): 5 75.KC 
-2), 74.8(C-3), 67.4(C-1), 65.9(C-4), 19.4(2-Me) 

^fc'HfcitF'C NMRj^t/rUTTfi^ftS^;^^ Mi, Tetrahedron 
Letter, 38, 6184 (1997) Kiai££>;£i£T-£#; L 2 - C - * D -HJ * 

£ f>Kmi#tf>i£ftJg& [a] D 2, =+ 6. 0 (c = 0. 0 5 0, H 2 0) T\ 
£;ftTV>£ [Tetrahedron Letter, 38, 6184 (1997)] 2 - C - * )V-D - 
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y*U V-*<Dlt&L& Ca] 0 "=+7. 0 (c = 0. 13, H 2 0) 

© i -x#**>-d-#*»hj-;* 5 - y >m w 7-~tf®ttR 

3O60<J8 (2) <3>CKLfc 1 m 1 Rffc^fefflV-C. 1 -x#3r>- D - 

1 1 mmo 1 ©NAD P H4»fl:t*StttSltS. 

NADPHtNADHClftLfcl^ Sftli 1 / 1 OO^TCfSTl^ 

S D S - P AGEJB*r*»f>. #»*&4 2 k D a#'J ^7*?- K*»fc«US$*lT 
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H9 



ttiStt 





0.3 


EDTA 


N. D. 


MnCl, 


11.8 


CoCl 2 


6.0 


MgCl 2 


4.0 


CaCl, 


0.2 


NiSO, 


0.2 


ZnSO, 


0.3 


CuS0 4 


N.D. 


FeSO^ 


N.D. 



^fcitf EDTA »i lm&UCfcS J; o | C a§-h D 1 *. 
MnC 1 ^STt-C 1 - f^^^>-D-#^D-^ 5 - 'J >i. NADP 

(^2S#J 9 ) y a e MK»£g*fc0)ft|£i:&g 
( 1 ) y a e MXik^gmcDfttiZ 

wji (2) ®x-'&tz7?*5. k p mew4 1 zmmmm B a 1 ir-m*-* 

7tfU—7,YjVm%mHsly. Bail IjflHDNA^tiij;}^^ 

Tn 5 feWMPS H i nd I I I tSaml^L^. DNA blunting kit 
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m bntz¥ffi4tVNAmft*9GlZftfcbfzB_&±J_l jjlipMEW4 1 dna 
Wtf fcfi^Lfctt. X^y-;UM$:tTl\ mhfttzDNAfcmVS* 5 n i com 

iiM^DNAfe|l>\ E. coH JM109& (^riiSJ: USIA) iSSl^o 
T^K$£&&. l^«$s&#*7>e:>l> > 1 OOn/ml tfJ-f^^^y 1 
5 £i g/m 1 t£frL B^igifcC^tfU 3 7°C-0-lMliL/c. 

> i o o & g/m i z/> 1 5 m g/m 1 ^OL B?&#J&ife 1 o 

m 1 -0 3 7*C 1 6l$M&&i8ftLfe. 

K £pMEW41Km2:£,ott/c. 

pMEW41Km£ffiV^-C, ftHiaftiUC J:6Jft€l{*:±OyaeMafi?OW[«4ff •sfc. 
MSI H 4 M 3 (I ^ U fc. 

pMEW41Km*MBR»*HJjnLd I I I^ Sac I T'flUbU 7#n-*yjMlA 

1 576ft £JBJHE«Ufc. FS1576ft{±S:£jIfc¥SFftflfr«k 0 ME9019ft©£-CA# rT 
IiIW^^tv^i/> 1 5 ^ g/m 1 i: 2 - C- ^^-^-D- 
xiJ^'J h-;H g/ 1 fcdfcLBfc^JgJac^tfU 3 7tt-^«U/c. 

/ml fc2-C-**;t/-D-xU*!J b-;H g/1 fc£t/LB»Etf:iSJ&l 0 
mlt*3 7tl 6$l)9£!t%&U*:. 

*£#DNAfci«IKiMRSm_a I *feliPsj.l T'Mlfe. *./cFS1576^£D 
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(2) yaeM«m©ftg 

*, LB*3cJSJftSJ:tf2-C-**;U--D-x!;*y h-jng/i fc^fcL 



1 0 



LB LB+ME* 2 



FS1576 + 



yaeM ^tifcfc 



+ 



+ 



* 2 : MEHK-^^D-x!)^ y lg/1 
y aeM^M|»tt2-C->^-D-iy7'J h U a iMMfc 

(*«50!ll 0) 1 -x^^^-D-^->;Uo-7v5-';>g?U^^ WV* 
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7*7.5 Kv-T^>li (Chem. Pharm. Bull., 30, 111-118 (1982)) KEtt® 
££018 (2) ©K^Lfcfi&JfcfcO. 2 m WzxT-fr**? (&a 

04C35l/fcj:5i:, 7*7.5 H7-fS/>lil -f r #*t/-D-*$/;l/D-7. 

*»BW311<M*fcLB**i&«i. 7^U-7^»^3. 13mg/l^ 
LB*35«FJft*J«ttJ t 7#7.5 Kv-f »>V3. 13mg/IJ:2-C-^^-D 
-xiUDh-^o. 2 5 g/l fc£frLB*35iSifiK.en j ?ft&#U 37t 

^i2 0ti:fcH>t. L Bi^^ft, 7**5 Kv^v/^fcitf 2-C-^ 

;u-D-xy *y h-;K). 2 5 g/i.ttt'LBS^jftioaai^DJSJft-c 

ttI(i£ft5;^*5-C't^^ 7*7>5 H-v -f %»in L/c LB*55«f 

lft-c- {±a«:& w-r sit **-e t & o ft. 

* J W&fc«cofc. JBLfcOdfc^f,, yaeM (1 - f^i'-D-^n- 

7.5-y >ai/^ h-ry^7-t') ©stttHai-sftrKfi^arftfitaaii** 
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aSKfe^-Ki'SDNA'S: 1 OJSLt£fcDNA'S:'***-K|&*&*» W?>tl 



IS?'J## 1 2 : £$DNA 
@S?IJ#^ 1 3 : MDNA 
E*l#^l 4 : n^DNA 
@2?<J##1 5 : ^DNA 

6 : afiEDNA 
BB?>J#^t 1 7 : ^DNA 
1 8 : ^DNA 
@S^J#^ 1 9 : ciJ&D N A 
E?>J#^2 0 : MDNA 
Se?iJ#^2 1 : ^DNA 
EW#^2 2 :MDNA 
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ffiyy*-^ 2 

raw ✓ J oa *j 


3 


• ^bEDNA 


lH5IJ*-& 2 


4 






5 


: a^DNA 


85?J#^t 3 


2 


: p|DNA 


SB?'J#^ 3 


3 


: p^DNA 


@S?"J#*t 3 


4 


: p^DNA 



< 
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m # o m ® 

l.JSlTO(a), (b) . (c) . (d) . ( e ) Xtf ( f ) &b 58«tiS 
D N A £ 1 -Ptt±£tfDNAfc***-Clfl*i£*. fc*>ttfctt»*.#D N A 

m 

(a) tOl/tiViJii^U-tr^T^xt h* 3 - "J >tt*><b 1 -xtf*^- D 
SDNA 

(c) Ejw«3ia«o7^>'fiifi!5«j'fe*-rsacSR%3-H-r5DNA» * 

w&%b< \zmuzfttz7z j KEflia^fcU . y7i/y^ -Mb£«j0£ 

(d) E^J#^4fS3£©7 5 >&E?J*%T5§ISM£:J-h*-tSDNA, £ 

SMI < tttfta3*ifc7S ^aEflia^&y, vfvj-i Mb£1*0£ 
£ IS ® * 4 ft ± $ it 5 C t (D X- Z & « ft £ % T 5 S 6 R 3 - H "T 5 D N A 

(e) 1 -D-*S//UD — Tv 5 - U >Bfc**fc 2 -C-^f-Jl'-D- 
xy^'J h-;U4-'J >B^£t;SEffifc«**1-$igttfc£1r6SaR*=i--h' 
tSDNA 

(f) (a), (bK (cK (d) JSitf (e) A>P)Iliti,5DNAt7. 

& s a r *** -r 5 « ft hr w ( - - (D g ft 4 * u t ^ -s s e r * 3 - k -r * d 

N A 

2. ^HfVRtyj-fe^T^fl: K 3 — U 1 -rtf^-D-^S^ 

n-* 5 - u >»4^js^*sj£fettaE-r6^tt'fe^r-rsseR«: 3 - H-rsD 
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ofcT;Pfc*>ftfc^y ■fejl^l'xb: h* 3 - y I -r D - 

At'4.5. M*£ l ££0>K&#&. 

3. dna^, EMM- 6, 2 7 » i 2 9 ^i*n*»^sa«oiaaEM £*Tl"6 

DNAt'fcS, l*#3U *fcli2E«0SU6*fi£. 

-/reaic^t igu<t±»fflo7 5yifc*^5c. g^^u<<ifvtio^n/c7 

5. DNA*5, E?9M7E«©«lSEW«:*i--BDNA-e*a, 1 *fc 

6. 1 -x;fr^>-D-^> 5 - 'J >B*>t>2-C-^f^-D-xiJ 

*y h-;i/4- y >g?££i;sM£tt&i-sffite£;fri-s^6R£ Kfs 

DNAi 5 , SJ?tf5^B3 0£E*©7 5>'ttE5>J%*-r$BBJl«::i-K 
S a*SL<«:f*ftI$n^7 5yKEy , J*»?> J Scy. *>oi-f^ 

$/-D-#$/;H3— *5 -y >|i>f>2-C-^f;i/-D-i'j^U h— ;i/4- 

«#* i eibcm^. 

7. DNA*\ E?J#^1 0*fcl£3 1 i:E«0*iEJ"J4tt5DNAf*«. 
IS*® 1 *fcl£6E*i©S3t£?£. 

8. DNA*\ E5>lS-$8 9 Effc ©JfiSEyiJjb* «•>» lift -5 **E?"Jt*i" 
5DNAf$S, M$JI 1 §E8©££>£;&&. 

9. -r v:/w-f Mb£to* J , j.t>>'>. fc*^ 5 >K 2 «j:MDf; -y h*» 
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1 0. (a), (b) fcitMc) frhW,Zfth<V-/V J 4 Nb£$J© 

ft ft ± 5 -a- * c t © t- t stt £ 3&-r 5 s a k. 

£7 5 /»E5»J* 4 *>&SaaK 

(b) EJl!#^4§E«©75 y »Efllfe*iT5fiaSl. SfcfiKfiaROWl - * 

75 y &E?Ji;fc^T iSL<ii»iC7^sm, L < (ittin £ n 

/c7 5 yKE*!l*»fc&*seK 

(c) SMf 5E*©7 5 ; »E5>it: tt«$fiR. ifcliilfil^tS 
/=7 5 ^»EI>J*»f>*SfifiK 

I 2. Escherichia EHMi-SM^.^. Rhodobacter lKCg-tS» 

^»*fc(iEn»inialS{-JISi-««^»X-**. tt#El£fct±l 1 »«©»£;& 

1 3. bit© (a) ~ (g) ^-m*»cBtt©. -rv^w-r k^^^js 

(a) E5!I#^3E«©7^ ^ WJ^f tSIfilt 3-b'f6DNA 

(b) EJiJ#^4fEtK©7 5 J KEyift^-fSaSKft 

(c ) Eyj#^5aa«©7 5 -/KEyjfcfci-saejt* 3- h-rsDNA 

(d) IE?«J#^8ia«c©i£»E?'J£3CT3DNA 

(e) Eyj#^9iE*©iaaEyj'fe^-rSDNA 
(f ) E?'J#^l 0iE®©^»E?'Jft^r-r<5DNA 
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(g) (a) ~ (f) V>rn*MIIHit©DNAi:7. h >; >i/*x> h^^{*TT-/> 

l 4. MiiMy&tifVJeJVTfr^M Y 3 y U l --f;fr3r>- D -*->;u 

P-7. 5 - U >Kfc££j£Lfcfe, 2 -C-^f^U-D-xy *y js-;U4 - i; 

£ * a*"t * «m % fi?^-r s - 1 * t -r « % * -r * ft* © ism . 

i 5 . tvun'y&^'y-feJUT^x t K 3 y >K«t y l -x;i-3r>-D-*:S/;i/ 

1 6. (a) (b) 0g6RT'&3 c t £#$[i:-t£> 

Mjfciii 5 um<Dm mute. 

(b) 1 -f^^-D-^^l/O-T. 5 - 'J 2 - C-^^^-D- 

xy *y h-;u4 - y >a%£i;5gj£fcfl^i-.&K§ttfc*-f 

1 7 . £;ni>ttfc^y t;vr^fk K 3 - y ywtfrb 1 --r^^r^-D-^^ 

* 

-7. 5 - y >»«:4*-r«£(&«:»J«1-*S&ft«:*-*-SSfiR-C*5. 1 

6 Ei©Sj^)£. 

18. 1 v- d -^>;uo-^ 5 - y >BIA»C> 2 - c-^^;u-d-x 

y 7.y h-;u4- y £t z Ri&tm&t zfe&t^t IH^JS 
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JIT**. IS*JS 1 6|H«c©^^^?* 0 

i9. g*$g i 4siWL(Dmm^mizx »j%»$nsstagft4W-ts»K. 

2 1 . »*JS1 9E&®!M££frffi;M„ 
2 2. »#£2 Offitt©&RfcSfc»£JW. 

* 

•i 



-f 



58 



WO 99/53071 



PCT/JP99/01987 




1/2 
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SEQUENCE LISTING 
<110> KYOWA HAKKO KOGYO CO., LTD. 

<120> A METHOD OF PRODUCING AN ISOPRENOID COMPOUND BY USING MICR00RGAN1S 
M AND A METHOD OF SCREENING A COMPOUND HAVING ANTIBIOTIC OR WEED KILLER 
•ACTIVITY ■ " * 

<130> PH-635-PCT 

<140> 
<141> 

<150> JP98/ 103101 
<151> 1998-04-14 

<150> JP98/221910 
<151> 1998-08-05 

<150> JP99/035739 
<151> 1999-02-15 

<160> 34 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 620 
<212> PRT 

<213> Escherichia coli 
<400> 1 

Met Ser Phe Asp lie Ala Lys Tyr Pro Thr Leu Ala Leu Val Asp Ser 
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15 10 15 

Thr Gin Glu Leu Arg Leu Leu Pro Lys Glu Ser Leu Pro Lys Leu Cys 

20 25 30 

Asp Glu Leu Arg Arg Tyr Leu Leu Asp Ser Val Ser Arg Ser. Ser Gly 
35 40 45 

His Phe Ala Ser Gly Leu Gly Thr Val Glu Leu Thr Val Ala Leu His 
50 55 60 

Tyr Val Tyr Asn Thr Pro Phe Asp Gin Leu He Trp Asp Val Gly His 
65 70 75 80 

Gin Ala Tyr Pro His Lys He Leu Thr Gly Arg Arg Asp Lys He Gly 

85 90 95 

I 

Thr He Arg Gin Lys Gly Gly Leu His Pro Phe Pro Trp Arg Gly Glu 

100 105 110 

Ser Glu Tyr Asp Val Leu Ser Val Gly His Ser Ser Thr Ser He Ser 
115 120 125 

Ala Gly He Gly He Ala Val Ala Ala Glu Lys Glu Gly Lys Asn Arg 
130 135 140 

Arg Thr Val Cys Val He Gly Asp Gly Ala He Thr Ala Gly Met Ala 
145 150 155 160 

Phe Glu Ala Met Asn His Ala Gly Asp He Arg Pro Asp Met Leu Val 

165 170 175 



T 



He Leu Asn Asp Asn Glu Met Ser He Ser Glu Asn Val Gly Ala Leu 
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180 185 190 

Asn Asn His Leu Ala Gin Leu Leu Ser Gly Lys Leu Tyr Ser Ser Leu 
195 200 205 

Arg Glu Gly Gly Lys Lys Val Phe Ser Gly Val Pro Pro He Lys Glu 

i 

210 215 220 

Leu Leu Lys Arg Thr Glu Glu His lie Lys Gly Met Val Val Pro Gly 
225 230 235 240 

Thr Leu Phe Glu Glu Leu Gly Phe Asn Tyr He Gly Pro Val Asp Gly 

245 250 . 255 

His Asp Val Leu Gly Leu lie Thr Thr Leu Lys Asn Met Arg Asp Leu 

! 

260 265 270 • 

Lys Gly Pro Gin Phe Leu His lie Met Thr Lys Lys Gly Arg Gly Tyr 
275 280 285 

Glu Pro Ala Glu Lys Asp Pro He Thr Phe His Ala Val Pro Lys Phe 
290 295 300 

Asp Pro Ser Ser Gly Cys Leu Pro Lys Ser Ser Gly Gly Leu Pro Ser 
305 310 315 320 

Tyr Ser Lys He Phe Gly Asp Trp Leu Cys Glu Thr Ala Ala Lys Asp 

325 330 335 

Asn Lys Leu Met Ala lie Thr Pro Ala Met Arg Glu Gly Ser Gly Met 

340 345 350 



Val Glu Phe Ser Arg Lys Phe Pro Asp Arg Tyr Phe Asp Val Ala He 
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355 360 365 

Ala Glu Gin His Ala Val Thr Phe Ala Ala Gly Leu Ala lie Gly Gly 
370 375 380 

Tyr Lys Pro lie Val Ala lie Tyr Ser Thr Phe Leu Gin Arg Ala Tyr 
385 390 395 400 

Asp Gin Val Leu His Asp Val Ala He Gin Lys Leu Pro Val Leu Phe 

405 410 415 

Ala lie Asp Arg Ala Gly lie Val Gly Ala Asp Gly Gin Thr His Gin 

420 425 430 

Gly Ala Phe Asp Leu Ser Tyr Leu Arg Cys He Pro Glu Met Val He 
435 440 445 

Met Thr Pro Ser Asp Glu Asn Glu Cys Arg Gin Met Leu Tyr Thr Gly 
450 455 460 

Tyr His Tyr Asn Asp Gly Pro Ser Ala Val Arg Tyr Pro Arg Gly Asn 
465 470 475 480 

Ala Val Gly Val Glu Leu Thr Pro Leu Glu Lys Leu Pro He Gly Lys 

485 490 495 

Gly He Val Lys Arg Arg Gly Glu Lys Leu Ala He Leu Asn Phe Gly 

500 505 510 

Thr Leu Met Pro Glu Ala Ala Lys Val Ala Glu Ser Leu Asn Ala Thr 
515 520 525 



Leu Val Asp Met Arg Phe Val Lys Pro Leu Asp Glu Ala Leu lie Leu 
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530 535 540 

Glu Met Ala Ala Ser His Glu Ala Leu Val Thr Val Glu Glu Asn Ala 
545 550 555 560 

lie Met Gly. Gly Ala Gly Ser Gly Val Asn Glu Val Leu Met Ala His 

565 570 575 

Arg Lys Pro Val Pro Val Leu Asn He Gly Leu Pro Asp Phe Phe He 

580 585 590 

Pro Gin Gly Thr Gin Glu Glu Met Arg Ala Glu Leu Gly Leu Asp Ala 
595 600 605 

Ala Gly Met Glu Ala Lys He Lys Ala Trp Leu Ala 
610 615 620 



<210> 2 
<211> 299 
<212> PRT 

<213> Escherichia coli 
<400> 2 

Met Asp Phe Pro Gin Gin Leu Glu Ala Cys Val Lys Gin Ala Asn Gin 
15 10 15 

Ala Leu Ser Arg Phe He Ala Pro Leu Pro Phe Gin Asn Thr Pro Val 

20 25 30 

Val Glu Thr Met Gin Tyr Gly Ala Leu Leu Gly Gly Lys Arg Leu Arg 
35 40 45 
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Pro Phe Leu Val Tyr Ala Thr Gly His Met Phe Gly Val Ser Thr Asn 
50 55 60 

Thr Leu Asp Ala Pro Ala Ala Ala Val Glu Cys lie His Ala Tyr Ser 
65 70 75 80 

* , 

Leu lie His Asp Asp Leu Pro Ala Met Asp Asp Asp Asp Leu Arg Arg 

85 90 95 

Gly Leu Pro Thr Cys His Val Lys Phe Gly Glu Ala Asn Ala lie Leu 

100 105 110 

Ala Gly Asp Ala Leu Gin Thr Leu Ala Phe Ser He Leu Ser Asp Ala 
115 120 125 

Asp Met Pro Glu Val Ser Asp Arg Asp Arg He Ser Met lie Ser Glu 
130 135 140 

Leu Ala Ser Ala Ser Gly He Ala Gly Met Cys Gly Gly Gin Ala Leu 
145 150 155 160 

Asp Leu Asp Ala Glu Gly Lys His Val Pro Leu Asp Ala Leu Glu Arg 

165 170 175 

He His Arg His Lys Thr Gly Ala Leu He Arg Ala Ala Val Arg Leu 

180 185 190 

Gly Ala Leu Ser Ala Gly Asp Lys Gly Arg Arg Ala Leu Pro Val Leu 
195 200 205 

Asp Lys Tyr Ala Glu Ser He Gly Leu Ala Phe Gin Val Gin Asp Asp 
210 215 220 
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He Leu Asp Val Val Gly Asp Thr Ala Thr Leu Gly Lys Arg Gin Gly 
225 230 235 240 

Ala Asp Gin Gin Leu Gly Lys Ser Thr Tyr Pro Ala Leu Leu Gly Leu 

245 250 255 

Glu Gin Ala Arg Lys Lys Ala Arg Asp Leu He Asp Asp Ala Arg Gin 

260 265 270 

Ser Leu Lys Gin Leu Ala Glu Gin Ser Leu Asp Thr Ser Ala Leu Glu 
275 280 285 

Ala Leu Ala Asp Tyr He He Gin Arg Asn Lys 
290 295 

<210> 3 
<211> 80 
<212> PRT 

<213> Escherichia coli 
<400> 3 

Met Pro Lys Lys Asn Glu Ala Pro Ala Ser Phe Glu Lys Ala Leu Ser 
15 10 15 

Glu Leu Glu Gin lie Val Thr Arg Leu Glu Ser Gly Asp Leu Pro Leu 

20 25 30 

Glu Glu Ala Leu Asn Glu Phe Glu Arg Gly Val Gin Leu Ala Arg Gin 
35 40 45 

Gly Gin Ala Lys Leu Gin Gin Ala Glu Gin Arg Val Gin lie Leu Leu 
50 55 60 

7/75 



WO 99/53071 PCT/JP99/01987 



Ser Asp Asn GIu Asp Ala Ser Leu Thr Pro Phe Thr Pro Asp Asn Glu 
65 70 75 80 

<210> 4 
<211> 348 
<212> PRT 

<213> Escherichia coli 
<400> 4 

Val Thr Gly Val Asn Glu Cys Ser Arg Ser Thr Cys Asn Leu Lys Tyr 
15 10 15 

Asp Glu Tyr Ser Arg Ser Gly Ser Met Gin Tyr Asn Pro Leu Gly Lys 

20 25 30 

Thr Asp Leu Arg Val Ser Arg Leu Cys Leu Gly Cys Met Thr Phe Gly 
35 40 45 

Glu Pro Asp Arg Gly Asn His Ala Trp Thr Leu Pro Glu Glu Ser Ser 
50 55 60 

Arg Pro lie He Lys Arg Ala Leu Glu Gly Gly He Asn Phe Phe Asp 
65 70 75 80 

Thr Ala Asn Ser Tyr Ser Asp Gly Ser Ser Glu Glu He Val Gly Arg 

85 90 95 

Ala Leu Arg Asp Phe Ala Arg Arg Glu Asp Val Val Val Ala Thr Lys 

100 105 110 



Val Phe His Arg Val Gly Asp Leu Pro Glu Gly Leu Ser Arg Ala Gin 
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I le Leu Arg Ser 
130 

Val Asp He Leu 
145 

Glu Thr Leu Glu 

Tyr He Gly Ala 

180 

Glu Leu Gin Lys 
195 

His Tyr Asn Leu 
210 

Cys Tyr Gin Glu 
225 

Gly Arg Leu Thr 

Asp Glu Val Gly 

260 

Gin He Ala Glu 
275 

Arg Ala Gin Val 



120 

He Asp Asp Ser 
135 

Gin He His Arg 
150 

Ala Leu Asn Asp 
165 

Ser Ser Met His 

Gin His Gly Trp 

200 

I le Tyr Arg Glu 
215 

Gly Val Ala Val 
230 

Arg Pro Trp Gly 
245 

Lys Asn Leu Tyr 

Arg Leu Thr Gly 

280 

Ala Leu Ala Trp 



Leu Arg Arg Leu 

140 

Trp Asp Tyr Asn 
155 

Val Val Lys Ala 
170 

Ala Ser Gin Phe 
185 

Ala Gin Phe Val 

Glu Glu Arg Glu 

220 

I le Pro Trp Ser 
235 

Glu Thr Thr Ala 
250 

Lys Glu Ser Asp 
265 

Val Ser Glu Glu 
Leu Leu Ser Lys 

9/75 



125 

Gly Met Asp Tyr 

Thr Pro He Glu 

160 

Gly Lys Ala Arg 
175 

Ala Gin Ala Leu 
190 

Ser Met Gin Asp 
205 

Met Leu Pro Leu 

Pro Leu Ala Arg 

240 

Arg Leu Val Ser 
255 

Glu Asn Asp Ala 
270 

Leu Gly Ala Thr 
285 

Pro Gly 1 le Ala 
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290 295 

Ala Pro He He Gly Thr Ser Arg Glu 
305 310 

Asn Ala Val Asp He Thr Leo Lys Pro 

325 

Thr Pro Tyr Lys Pro His Pro Val Val 

340 345 
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300 

Glu Gin Leu Asp Glu Leu Leu 
315 320 

Glu Gin He Ala Glu Leu Glu 
330 335 

Gly Phe Lys 



<210> 5 
<211> 398 
<212> PRT 

<213> Escherichia coli 
<400> 5 

Met Lys Gin Leu Thr He Leu Gly Ser Thr Gly Ser lie Gly Cys Ser 
1 5 10 15 

Thr Leu Asp Val Val Arg His Asn Pro Glu His Phe Arg Val Val Ala 

20 25 30 

Leu Val Ala Gly Lys Asn Val Thr Arg Met Val Glu Gin Cys Leu Glu 
35 40 45 

Phe Ser Pro Arg Tyr Ala Val Met Asp Asp Glu Ala Ser Ala Lys Leu 
50 55 60 

Leu Lys Thr Met Leu Gin Gin Gin Gly Ser Arg Thr Glu Val Leu Ser 
65 70 75 80 
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Gly Gin Gin Ala Ala Cys Asp Met Ala Ala Leu Glu Asp Val Asp Gin 



85 



90 



95 



Val Met Ala Ala He Val Gly Ala Ala Gly Leu Leu Pro Thr Leu Ala 



100 



105 



110 



Ala lie Arg Ala Gly Lys Thr lie Leu Leu Ala Asn Lys Glu Ser Leu 



115 



120 



125 



Val Thr Cys Gly Arg Leu Phe Met Asp Ala Val Lys Gin Ser Lys Ala 



130 



135 



140 



Gin Leu Leu Pro Val Asp Ser Glu His Asn Ala lie Phe Gin Ser Leu 



145 



150 



155 



160 



Pro Gin Pro lie Gin His Asn Leu Gly Tyr Ala Asp Leu Glu Gin Asn 



165 



170 



175 



Gly Val Val Ser He Leu Leu Thr Gly Ser Gly Gly Pro Phe Arg Glu 



180 



185 



190 



Thr Pro Leu Arg Asp Leu Ala Thr Met Thr Pro Asp Gin Ala Cys Arg 



195 



200 



205 



His Pro Asn Trp Ser Met Gly Arg Lys He Ser Val Asp Ser Ala Thr 



210 



215 



220 



Met Met Asn Lys Gly Leu Glu Tyr He Glu Ala Arg Trp Leu Phe Asn 



225 



230 



235 



240 



Ala Ser Ala Ser Gin Met Glu Val Leu He His Pro Gin Ser Val lie 



245 



250 



255 
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His Ser Met Val Arg Tyr Gin Asp Gly Ser Val Leu Ala Gin Leu Gly 

260 265 270 

Glu Pro Asp Met Val Arg Gin Leu Pro Thr Pro Trp Ala Trp Pro Asn 
275 280 285 

m 

Arg Val Asn Ser Gly Val Lys Pro Leu Asp Phe Cys Lys Leu Ser Ala 
290 295 300 

Leu Thr Phe Ala Ala Pro Asp Tyr Asp Arg Tyr Pro Cys Leu Lys Leu 
305 310 315 320 

Ala Met Glu Ala Phe Glu Gin Gly Gin Ala Ala Thr Thr Ala Leu Asn 

325 330 335 

Ala Ala Asn Glu He Thr Val Ala Ala Phe Leu Ala Gin Gin Me Arg 

340 345 350 

Phe Thr Asp He Ala Ala Leu Asn Leu Ser Val Leu Glu Lys Met Asp 
355 360 365 

Met Arg Glu Pro Gin Cys Val Asp Asp Val Leu Ser Val Asp Ala Asn 
370 375 380 

Ala Arg Glu Val Ala Arg Lys Glu Val Met Arg Leu Ala Ser 
385 390 395 



<210> 6 
<211> 1860 
<212> DNA 

<213> Escherichia coli 
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<220> 

<221> CDS 

<222> (1). . (1860) 

<400> 6 

atg agt ttt gat att gcc aaa tac ccg acc ctg gca ctg gtc gac tec 48 

Met Ser Phe Asp He Ala Lys Tyr Pro Thr Leu Ala Leu Val Asp Ser 
15 10 15 

acc cag gag tta cga ctg ttg ccg aaa gag agt tta ccg aaa etc tgc 96 

Thr Gin Glu Leu Arg Leu Leu Pro Lys Glu Ser Leu Pro Lys Leu Cys 

20 25 30 

gac gaa ctg cgc cgc tat tta etc gac age gtg age cgt tec age ggg 144 

Asp Glu Leu Arg Arg Tyr Leu Leu Asp Ser Val Ser Arg Ser Ser Gly 
35 40 45 

cac ttc gcc tec ggg ctg ggc acg gtc gaa ctg acc gtg gcg ctg cac 192 

His Phe Ala Ser Gly Leu Gly Thr Val Glu Leu Thr Val Ala Leu His 
50 55 60 

tat gtc tac aac acc ccg ttt gac caa ttg att tgg gat gtg ggg cat 240 

Tyr Val Tyr Asn Thr Pro Phe Asp Gin Leu lie Trp Asp Val Gly His 
65 70 75 • 80 

cag get tat ccg cat aaa att ttg acc gga cgc cgc gac aaa ate ggc 288 

Gin Ala Tyr Pro His Lys lie Leu Thr Gly Arg Arg Asp Lys lie Gly 
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85 90 95 

*» 

acc ate cgt cag aaa ggc ggt ctg cac ccg tie ccg tgg cgc ggc gaa 336 

Thr lie Arg Gin Lys Gly Gly Leu His Pro Phe Pro Trp Arg Gly Glu 

100 105 110 

age gaa tat gac gta tta age gtc ggg cat tea tea acc tec ate agt 384 

Ser Glu Tyr Asp Val Leu Ser Val Gly His Ser Ser Thr Ser lie Ser 
115 120 125 

gee gga att ggt att gcg gtt get gec gaa aaa gaa ggc aaa aat cgc 432 

Ala Gly lie Gly He Ala Val Ala Ala Glu Lys Glu Gly Lys Asn Arg 
130 135 140 

* 

cgc acc gtc tgt gtc att ggc gat ggc gcg att acc gca ggc atg gcg 480 

Arg Thr Val Cys Val lie Gly Asp Gly Ala lie Thr Ala Gly Met Ala 
145 150 155 160 

ttt gaa gcg atg aat cac gcg ggc gat ate cgt cct gat atg ctg gtg 528 

Phe Glu Ala Met Asn His Ala Gly Asp He Arg Pro Asp Met Leu Val 

165 170 175 

att etc aac gac aat gaa atg teg att tec gaa aat gtc ggc gcg etc 576 

He Leu Asn Asp Asn Glu Met Ser He Ser Glu Asn Val Gly Ala Leu 

180 185 190 

aac aac cat ctg gca cag ctg ctt tec ggt aag ctt tac tct tea ctg 624 

14/75 



WO 99/53071 PCT/JP99/01987 

Asn Asn His Leu Ala Gin Leu Leu Ser Gly Lys Leu Tyr Ser Ser Leu 
195 200 205 

cgc gaa ggc ggg aaa aaa gtt ttc tct ggc gtg ccg cca att aaa gag 672 

Arg Glu Gly Gly Lys Lys Val Phe Ser Gly Val Pro Pro He Lys Glu 
210 215 220 

ctg etc aaa cgc acc gaa gaa cat att aaa ggc atg gta gtg cct ggc 720 

Leu Leu Lys Arg Thr Glu Glu His He Lys Gly Met Val Val Pro Gly 
225 230 235 240 

acg ttg ttt gaa gag ctg ggc ttt aac tac ate ggc ccg gtg gac ggt 768 

Thr Leu Phe Glu Glu Leu Gly Phe Asn Tyr He Gly Pro Val Asp Gly 

245 250 255 

cac gat gtg ctg ggg ctt ate acc acg eta aag aac atg cgc gac ctg 816 

His Asp Val Leu Gly Leu lie Thr Thr Leu Lys Asn Met Arg Asp Leu 

260 265 270 

aaa ggc ccg cag ttc ctg cat ate atg acc aaa aaa ggt cgt ggt tat 864 

Lys Gly Pro Gin Phe Leu His lie Met Thr Lys Lys Gly Arg Gly Tyr 
275 280 285 

gaa ccg gca gaa aaa gac ccg ate act ttc cac gec gtg cct aaa ttt 912 

Glu Pro Ala Glu Lys Asp Pro He Thr Phe His Ala Val Pro Lys Phe 
290 295 300 

gat ccc tec age ggt tgt ttg ccg aaa agt age ggc ggt ttg ccg age 960 
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Asp Pro Ser Ser Gly Cys Leu Pro Lys Ser Ser Gly Gly Leu Pro Ser 
305 310 315 320 

tat tea aaa ate ttt ggc gac tgg ttg tgc gaa acg gca gcg aaa gac 1008 

Tyr Ser Lys He Phe Gly Asp Trp Leu Cys Glu Thr Ala Ala Lys Asp 

325 330 335 

aac aag ctg atg gcg att act ccg gcg atg cgt gaa ggt tec ggc atg 1056 

Asn Lys Leu Met Ala He Thr Pro Ala Met Arg Glu Gly Ser Gly Met 

340 345 350 

gtc gag ttt tea cgt aaa ttc ccg gat cgc tac ttc gac gtg gca att 1104 

Val Glu Phe Ser Arg Lys Phe Pro Asp Arg Tyr Phe Asp Val Ala lie 
355 360 365 

gec gag caa cac gcg gtg acc ttt get gcg ggt ctg gcg att ggt ggg 1152 

Ala Glu Gin His Ala Val Thr Phe Ala Ala Gly Leu Ala lie Gly Gly 
370 375 380 

tac aaa ccc att gtc gcg att tac tec act ttc ctg caa cgc gee tat 1200 

Tyr Lys Pro He Val Ala He Tyr Ser Thr Phe Leu Gin Arg Ala Tyr 
385 390 395 400 

gat cag gtg ctg cat gac gtg gcg att caa aag ctt ccg gtc ctg ttc 1248 

Asp Gin Val Leu His Asp Val Ala He Gin Lys Leu Pro Val Leu Phe 

405 410 415 
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gcc ate gac cgc gcg ggc att gtt ggl get gac ggt caa ace cat cag 1296 

Ala He Asp Arg Ala Gly lie Val Gly Ala Asp Gly Gin Thr His Gin 

420 425 430 

ggt get ttt gat etc tct tac ctg cgc tgc ata ccg gaa atg gtc att 1344 

Gly Ala Phe Asp Leu Ser Tyr Leu Arg Cys He Pro Glu Met Val lie 
435 440 445 

atg ace ccg age gat gaa aac gaa tgt cgc cag atg etc tat acc ggc 1392 

Met Thr Pro Ser Asp Glu Asn Glu Cys Arg Gin Met Leu Tyr Thr Gly 
450 455 460 

tat cac tat aac gat ggc ccg tea gcg gtg cgc tac ccg cgt ggc aac 1440 

Tyr His Tyr Asn Asp Gly Pro Ser Ala Val Arg Tyr Pro Arg Gly Asn 
465 470 475 480 

gcg gtc ggc gtg gaa ctg acg ccg ctg gaa aaa eta cca att ggc aaa 1488 

Ala Val Gly Val Glu Leu Thr Pro Leu Glu Lys Leu Pro lie Gly Lys 

485 490 495 

ggc att gtg aag cgt cgt ggc gag aaa ctg gcg ate ctt aac ttt ggt 1536 

Gly He Val Lys Arg Arg Gly Glu Lys Leu Ala He Leu Asn Phe Gly 

500 505 510 

acg ctg atg cca gaa gcg gcg aaa gtc gcc gaa teg ctg aac gcc acg 1584 

Thr Leu Met Pro Glu Ala Ala Lys Val Ala Glu Ser Leu Asn Ala Thr 
515 520 525 
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ctg gtc gat atg cgt ttt gtg aaa ccg ctt gat gaa gcg tta att ctg 1632 

Leu Val Asp Met Arg Phe Val Lys Pro Leu Asp Glu Ala Leu He Leu 
530 535 540 

gaa atg gcc gcc age cat gaa gcg ctg gtc ac'c gta gaa gaa aac gec 1680 

Glu Met Ala Ala Ser His Glu Ala Leu Val Thr Val Glu Glu Asn Ala 
545 550 555 560 

att atg ggc ggc gca ggc age ggc gtg aac gaa gtg ctg atg gcc cat 1.728 

lie Met Gly Gly Ala Gly Ser Gly Val Asn Glu Val Leu Met Ala His 

565 570 575 

cgt aaa cca gta ccc gtg ctg aac att ggc ctg ccg gac ttc ttt att 1776 

Arg Lys Pro Val Pro Val Leu Asn He Gly Leu Pro Asp Phe Phe He 

580 585 590 

ccg caa gga act cag gaa gaa atg cgc gcc gaa etc ggc etc gat gcc 1824 

Pro Gin Gly Thr Gin Glu Glu Met Arg Ala Glu Leu Gly Leu Asp Ala 
595 600 605 

get ggt atg gaa gcc aaa ate aag gcc tgg ctg gca 1860 

Ala Gly Met Glu Ala Lys lie Lys Ala Trp Leu Ala 
610 615 620 



<210> 7 
<211> 897 



18/75 



t * 

I 

WO 99/53071 PCT/JP99/01 987 

<212> DNA 

<213> Escherichia coli 

<220> 

<221> CDS 

<222> (1). . (897) 

<400> 7 

atg gac ttt ccg cag caa etc gaa gec tgc gtt aag cag gec aac cag 48 

Met Asp Phe Pro Gin Gin Leu Glu Ala Cys Val Lys Gin Ala Asn Gin 
15 10 15 

gcg ctg age cgt ttt ate gee cca ctg ccc ttt cag aac act ccc gtg 96 

Ala Leu Ser Arg Phe He Ala Pro Leu Pro Phe Gin Asn Thr Pro Val 

20 25 30 

gtc gaa ace atg cag tat ggc gca tta tta ggt ggt aag cgc ctg cga 144 

Val Glu Thr Met Gin Tyr Gly Ala Leu Leu Gly Gly Lys Arg Leu Arg 
35 40 45 

cct ttc ctg gtt tat gee ace ggt cat atg ttc ggc gtt age aca aac 192 

Pro Phe Leu Val Tyr Ala Thr Gly His Met Phe Gly Val Ser Thr Asn 
50 55 60 

acg ctg gac gca ccc get gec gec gtt gag tgt ate cac get tac tea 240 

Thr Leu Asp Ala Pro Ala Ala Ala Val Glu Cys He His Ala Tyr Ser 
65 70 75 80 
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tta att cat gat gat tta ccg gca atg gat gat gac gat ctg cgt cgc 288 

Leu He His Asp Asp Leu Pro Ala Met Asp Asp Asp Asp Leu Arg Arg 

85 90 95 

ggt ttg cca acc tg'c cat gtg aag ttt ggc gaa gca aac gcg att etc 336 

Gly Leu Pro Thr Cys His Val Lys Phe Gly Glu Ala Asn Ala He Leu 

100 105 110 

get ggc gac get tta caa acg ctg gcg ttc teg att tta age gat gec 384 

Ala Gly Asp Ala Leu Gin Thr Leu Ala Phe Ser lie Leu Ser Asp Ala 
115 120 125 

gat atg ccg gaa gtg teg gac cgc gac aga att teg atg att tct gaa 432 

Asp Met Pro Glu Val Ser Asp Arg Asp Arg He Ser Met He Ser Glu 
130 135 140 

ctg gcg age gec agt ggt att gee gga atg tgc ggt ggt cag gca tta 480 

Leu Ala Ser Ala Ser Gly He Ala Gly Met Cys Gly Gly Gin Ala Leu 
145 150 155 160 

gat tta gac gcg gaa ggc aaa cac gta cct ctg gac gcg ctt gag cgt 528 

Asp Leu Asp Ala Glu Gly Lys His Val Pro Leu Asp Ala Leu Glu Arg 

165 170 175 

att cat cgt cat aaa acc ggc gca ttg att cgc gec gee gtt cgc ctt 576 

He His Arg His Lys Thr Gly Ala Leu He Arg Ala Ala Val Arg Leu 

180 185 190 
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ggt gca tta age gec gga gat aaa gga cgt cgt get ctg ccg gta etc 624 

Gly Ala Leu Ser Ala Gly Asp Lys Gly Arg Arg Ala Leu Pro Val Leu 
195 200 205 

gac aag tat gca gag age ate ggc ctt gee ttc cag gtt cag gat gac 672 

Asp Lys Tyr Ala Glu Ser He Gly Leu Ala Phe Gin Val Gin Asp Asp 
210 215 220 

ate ctg gat gtg gtg gga gat act gca acg ttg gga aaa cgc cag ggt 720 

He Leu Asp Val Val Gly Asp Thr Ala Thr Leu Gly Lys Arg Gin Gly 
225 230 235 240 

gec gac cag caa ctt ggt aaa agt acc tac cct gca ctt ctg ggt ctt 768 

Ala Asp Gin Gin Leu Gly Lys Ser Thr Tyr Pro Ala Leu Leu Gly Leu 

245 250 255 

gag caa gec egg aag aaa gec egg gat ctg ate gac gat gec cgt cag 816 

Glu Gin Ala Arg Lys Lys Ala Arg Asp Leu He Asp Asp Ala Arg Gin 

260 265 270 

teg ctg aaa caa ctg get gaa cag tea etc gat acc teg gca ctg gaa 864 

Ser Leu Lys Gin Leu Ala Glu Gin Ser Leu Asp Thr Ser Ala Leu Glu 
275 280 285 

gcg eta gcg gac tac ate ate cag cgt aat aaa 897 

Ala Leu Ala Asp Tyr lie lie Gin Arg Asn Lys 
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290 295 

<210> 8 
<211> 240 
<212> DNA 

<213> Escherichia coli 

<220> 

<221> CDS 

<222> (1). . (240) 

<400> 8 

atg ccg aag aaa aat gag gcg ccc gcc age ttt gaa aag gcg ctg age 48 

Met Pro Lys Lys Asn Glu Ala Pro Ala Ser Phe Glu Lys Ala Leu Ser 
15 10 15 

gag ctg gaa cag att gta acc cgt ctg gaa agt ggc gac ctg ccg ctg 96 

Glu Leu Glu Gin He Val Thr Arg Leu Glu Ser Gly Asp Leu Pro Leu 

20 25 30 

gaa gag gcg ctg aac gag ttc gaa cgc ggc gtg cag ctg gca cgt cag 144 

Glu Glu Ala Leu Asn Glu Phe Glu Arg Gly Val Gin Leu Ala Arg Gin 
35 40 45 

ggg cag gcc aaa tta caa caa gcc gaa cag cgc gta caa att ctg ctg 192 

Gly Gin Ala Lys Leu Gin Gin Ala Glu Gin Arg Val Gin lie Leu Leu 
50 55 60 
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tct gac aat gaa gac gcc tct eta acc cct ttt aca ccg gac aat gag 240 

Ser Asp Asn Glu Asp Ala Ser Leu Thr Pro Phe Thr Pro Asp Asn Glu 
65 70 75 80 

<210> 9 
<211> 1044 
<212> DNA 

<213> Escherichia coli 

<220> 

<221> CDS 

<222> (I).. (1044) 

<400> 9 

gtg act ggg gtg aac gaa tgc age cgc age aca tgc aac ttg aag tat 48 

Val Thr Gly Val Asn Glu Cys Ser Arg Ser Thr Cys Asn Leu Lys Tyr 
1 5 10 15 

gac gag tat age agg agt ggc age atg caa tac aac ccc tta gga aaa 96 

Asp Glu Tyr Ser Arg Ser Gly Ser Met Gin Tyr Asn Pro Leu Gly Lys 

20 25 30 

acc gac ctt cgc gtt tec cga ctt tgc etc ggc tgt atg acc ttt ggc 144 

Thr Asp Leu Arg Val Ser Arg Leu Cys Leu Gly Cys Met Thr Phe Gly 
35 40 45 

gag cca gat cgc ggt aat cac gca tgg aca ctg ccg gaa gaa age age 192 
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Glu Pro Asp Arg Gly Asn His Ala Trp Thr Leu Pro Glu Glu Ser Ser 
50 55 60 

cgt ccc ata att aaa cgt gca ctg gaa ggc ggc ata aat ttc ttt gat 240 

Arg Pro Tie He Lys Arg Ala Leu Gib Gly Gly He Asn Phe Phe Asp 
65 70 75 80 

acc gcc aac agt tat tct gac ggc age age gaa gag ate gtc ggt cgc 288 

Thr Ala Asn Ser Tyr Ser Asp Gly Ser Ser Glu Glu lie Val Gly Arg 

85 90 95 

gca ctg egg gat ttc gcc cgt cgt gaa gac gtg gtc gtt gcg acc aaa 336 

Ala Leu Arg Asp Phe Ala Arg Arg Glu Asp Val Val Val Ala Thr Lys 

100 105 110 

gtg ttc cat cgc gtt ggt gat tta ccg gaa gga tta tec cgt gcg caa 384 

Val Phe His Arg Val Gly Asp Leu Pro Glu Gly Leu Ser Arg Ala Gin 
115 120 125 

att ttg cgc tct ate gac gac age ctg cga cgt etc ggc atg gat tat 432 

lie Leu Arg Ser He Asp Asp Ser Leu Arg Arg Leu Gly Met Asp Tyr 
130 135 140 

gtc gat ate ctg caa att cat cgc tgg gat tac aac acg ccg ate gaa 480 

Val Asp lie Leu Gin He His Arg Trp Asp Tyr Asn Thr Pro He Glu 
145 150 155 160 

gag acg ctg gaa gcc etc aac gac gtg gta aaa gcc ggg aaa gcg cgt 528 
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Glu Thr Leu Glu Ala Leu Asn Asp Val-Val Lys Ala Gly Lys Ala Arg 

165 170 175 

tat ate ggc gcg tea tea atg cac get teg cag ttt get cag gca ctg 576 

Tyr He Gly Ala Ser Ser Met His Ala Ser Gin Phe Ala Gin Ala Leu 

180 185 190 

gaa etc caa aaa cag cac ggc tgg gcg cag ttt gtc agt atg cag gat 624 

Glu Leu Gin Lys Gin His Gly Trp Ala Gin Phe Val Ser Met Gin Asp 
195 200 205 

cac tac aat ctg att tat cgt gaa gaa gag cgc gag atg eta cca ctg 672 

His Tyr Asn Leu lie Tyr Arg Glu Glu Glu Arg Glu Met Leu Pro Leu 
210 215 220 

tgt tat cag gag ggc gtg gcg gta att cca tgg age ccg ctg gca agg 720 

Cys Tyr Gin Glu Gly Val Ala Val He Pro Trp Ser Pro Leu Ala Arg 
225 230 235 240 

ggc cgt ctg acg cgt ccg tgg gga gaa act ace gca cga ctg gtg tct 768 

Gly Arg Leu Thr Arg Pro Trp Gly Glu Thr Thr Ala Arg Leu Val Ser 

245 250 255 

gat gag gtg ggg aaa aat etc tat aaa gaa age gat gaa aat gac gcg 816 

Asp Glu Val Gly Lys Asn Leu Tyr Lys Glu Ser Asp Glu Asn Asp Ala 

260 265 270 
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cag ate gca gag egg tta aca ggc gtc agt gaa gaa ctg ggg gcg aca 864 

Gin lie Ala Glu Arg Leu Thr Gly Val Ser Glu Glu Leu Gly Ala Thr 
275 280 285 

cga gca caa gtt gcg ctg gee tgg ttg ttg agt aaa ccg ggc att gec 912 

Arg Ala Gin Val Ala Leu Ala Trp Leu Leu Ser Lys Pro Gly He Ala 
290 295 300 

gca ccg att ate gga act teg cgc gaa gaa cag ctt gat gag eta ttg 960 

Ala Pro lie He Gly Thr Ser Arg Glu Glu Gin Leu Asp Glu Leu Leu 
305 310 315 320 

aac gcg gtg gat ate act ttg aag ccg gaa cag att gec gaa ctg gaa 1008 

Asn Ala Val Asp He Thr Leu Lys Pro Glu Gin He Ala Glu Leu Glu 

325 330 335 

acg ccg tat aaa ccg cat cct gtc gta gga ttt aaa 1044 

Thr Pro Tyr Lys Pro His Pro Val Val Gly Phe Lys 

340 345 

<210> 10 
<211> 1194 
<212> DNA 

<213> Escherichia coli 

<220> 
<221> CDS 
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<222> (1). . (1194) 
<400> 10 

atg aag caa etc acc att ctg ggc teg acc ggc teg att ggt tgc age 48 

Met Lys Gin Leu Thr lie Leu Gly Ser Thr Gly Ser lie Gly Cys Ser 
15 10 15 

acg ctg gac gtg gtg cgc cat aat ccc gaa cac ttc cgc gta gtt gcg 96 

Thr Leu Asp Val Val Arg His Asn Pro Glu His Phe Arg Val Val Ala 

20 25 30 

ctg gtg gca ggc aaa aat gtc act cgc atg gta gaa cag tgc ctg gaa 144 

Leu Val Ala Gly Lys Asn Val Thr Arg Met Val Glu Gin Cys Leu Glu 
35 40 45 

ttc tct ccc cgc tat gec gta atg gac gat gaa gcg agt gcg aaa ctt 192 

Phe Ser Pro Arg Tyr Ala Val Met Asp Asp Glu Ala Ser Ala Lys Leu 
50 55 60 

ctt aaa acg atg eta cag caa cag ggt age cgc acc gaa gtc tta agt 240 

Leu Lys Thr Met Leu Gin Gin Gin Gly Ser Arg Thr Glu Val Leu Ser 
65 70 75 80 

ggg caa caa gec get tgc gat atg gca gcg ctt gag gat gtt gat cag 288 

Gly Gin Gin Ala Ala Cys Asp Met Ala Ala Leu Glu Asp Val Asp Gin 

85 90 95 

gtg atg gca gee att gtt ggc get get ggg ctg tta cct acg ctt get 336 
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Val Met Ala Ala He Val Gly Ala Ala Gly Leu Leu Pro Thr Leu Ala 

100 105 110 

gcg ate cgc gcg ggt aaa acc att ttg ctg gec aat aaa gaa tea ctg 384 

• Ala He Arg Ala Gly Lys Thr He Leu Leu Ala Asn Lys Glu Ser Leu 

115 120 125 

gtt acc tgc gga cgt ctg ttt atg gac gec gta aag cag age aaa gcg 432 

Val Thr Cys Gly Arg Leu Phe Met Asp Ala Val Lys Gin Ser Lys Ala 
130 135 140 

caa ttg tta ccg gtc gat age gaa cat aac gec att ttt cag agt tta 480 

Gin Leu Leu Pro Val Asp Ser Glu His Asn Ala He Phe Gin Ser -Leu 
145 150 155 160 

ccg caa cct ate cag cat aat ctg gga tac get gac ctt gag caa aat 528 

Pro Gin Pro He Gin His Asn Leu Gly Tyr Ala Asp Leu Glu Gin Asn 

165 170 175 

ggc gtg gtg tec att tta ctt acc ggg tct ggt ggc cct ttc cgt gag 576 

Gly Val Val Ser He Leu Leu Thr Gly Ser Gly Gly Pro Phe Arg Glu 

180 185 190 

acg cca ttg cgc gat ttg gca aca atg acg ccg gat caa gec tgc cgt 624 

Thr Pro Leu Arg Asp Leu Ala Thr Met Thr Pro Asp Gin Ala Cys Arg 
195 200 205 
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cat ccg aac tgg teg atg ggg cgt aaa att tct gtc gat teg get acc 672 

His Pro Asn Trp Ser Met Gly Arg Lys He Ser Val Asp Ser Ala Thr 
210 215 220 

atg atg aac aaa ggt ctg gaa tac att gaa gcg cgt tgg ctg ttt aac 720 

* 

Met Met Asn Lys Gly Leu Glu Tyr lie Glu Ala Arg Trp Leu Phe Asn 
225 <*■ 230 235 240 

gec age gec age cag atg gaa gtg ctg att cac ccg cag tea gtg att 768 

Ala Ser Ala Ser Gin Met Glu Val Leu lie His Pro Gin Ser Val lie 

245 250 255 

cac tea atg gtg cgc tat cag gac ggc agt gtt ctg gcg cag ctg ggg 816 
His Ser Met Val Arg Tyr Gin Asp Gly Ser Val Leu Ala Gin Leu Gly 

260 265 270 

gaa ccg gat atg gta cgc caa ttg ccc aca cca tgg gca tgg ccg aat 864 

Glu Pro Asp Met Val Arg Gin Leu Pro Thr Pro Trp Ala Trp Pro Asn 
275 280 285 

cgc gtg aac tct ggc gtg aag ccg etc gat ttt tgc aaa eta agt gcg 912 

Arg Val Asn Ser Gly Val Lys Pro Leu Asp Phe Cys Lys Leu Ser Ala 
290 295 300 

ttg aca ttt gee gca ccg gat tat gat cgt tat cca tgc ctg aaa ctg 960 

Leu Thr Phe Ala Ala Pro Asp Tyr Asp Arg Tyr Pro Cys Leu Lys Leu 
305 310 315 320 
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gcg atg gag gcg ttc gaa caa ggc cag gca gcg acg aca gca ttg aat 1008 

Ala Met Glu Ala Phe Glu Gin Gly Gin Ala Ala Thr Thr Ala Leu Asn 

325 330 335 

gcc gca aac gaa ate acc gtt get get ttt ctt gcg caa caa ate cgc 1056 

Ala Ala Asn Glu He Thr Val Ala Ala Phe Leu Ala Gin Gin He Arg 

340 345 350 

ttt acg gat ate get gcg ttg aat tta tec gta ctg gaa aaa atg gat 1104 

Phe Thr Asp He Ala Ala Leu Asn Leu Ser Val Leu Glu Lys Met Asp 
355 360 365 

atg cgc gaa cca caa tgt gtg gac gat gtg tta tct gtt gat gcg aac 1152 

Met Arg Glu Pro Gin Cys Val Asp Asp Val Leu Ser Val Asp Ala Asn 
370 375 380 

gcg cgt gaa gtc gcc aga aaa gag gtg atg cgt etc gca age 1194 

Ala Arg Glu Val Ala Arg Lys Glu Val Met Arg Leu Ala Ser 
385 390 395 

<210> 11 
<211> 4390 
<212> DNA 

<213> Escherichia coli 

<220> 
<221> CDS 
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<222> (208).. (447) 

<220> 
<221> CDS 

<222> (450).. (1346) 

<220> 
<221) CDS 

<222> (1374).. (3233) 

<220> 
<221> CDS 

<222> (3344).. (4390) 
<400> 11 

atggcggcaa tggttcgttg gcaagcctta agcgacttgt atagggaaaa atacagcagc 60 



ccacacctgc ggctgcatcc aggcgcggaa gtataccact aacatcgctt tgctgtgcac 120 



atcaccttac cattgcgcgt tatttgctat ttgccctgag tccgttacca tgacggggcg 180 



aaaaatattg agagtcagac attcatt atg ccg aag aaa aat gag gcg ccc gcc 234 

Met Pro Lys Lys Asn Glu Ala Pro Ala 
1 5 

age ttt gaa aag gcg ctg age gag ctg gaa cag att gta acc cgt ctg 282 

Ser Phe Glu Lys Ala Leu Ser Glu Leu Glu Gin He Val Thr Arg Leu 
10 15 20 25 
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gaa agt ggc gac ctg ccg ctg gaa gag gcg ctg aac gag ttc gaa cgc 330 

Glu Ser Gly Asp Leu Pro Leu Glu Glu Ala Leu Asn Glu Phe Glu Arg 

30 35 40 

ggc gtg cag ctg gca cgt cag ggg cag gcc aaa Ita caa caa gcc gaa 378 

Gly Val Gin Leu Ala Arg Gin Gly Gin Ala Lys Leu Gin Gin Ala Glu 

45 50 55 

cag cgc gta caa att ctg ctg tct gac aat gaa gac gcc tct eta acc 426 

Gin Arg Val Gin He Leu Leu Ser Asp Asn Glu Asp Ala Ser Leu Thr 
60 65 70 

cct ttt aca ccg gac aat gag ta atg gac ttt ccg cag caa etc gaa 473 

Pro Phe Thr Pro Asp Asn Glu Met Asp Phe Pro Gin Gin Leu Glu 
75 80 1 5 

gcc tgc gtt aag cag gcc aac cag gcg ctg age cgt ttt ate gcc cca 521 

Ala Cys Val Lys Gin Ala Asn Gin Ala Leu Ser Arg Phe He Ala Pro 
10 15 20 

ctg ccc ttt cag aac act ccc gtg gtc gaa acc atg cag tat ggc gca 569 

Leu Pro Phe Gin Asn Thr Pro Val Val Glu Thr Met Gin Tyr Gly Ala 
25 30 35 40 

tta tta ggt ggt aag cgc ctg cga cct ttc ctg gtt tat gcc acc ggt 617 

Leu Leu Gly Gly Lys Arg Leu Arg Pro Phe Leu Val Tyr Ala Thr Gly 

45 50 55 
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cat atg ttc ggc gtt age 

His Met Phe Gly Val Ser 
60 

gtt gag tgt ate cac get 

Val Giu Cys lie His Ala 
75 

atg gat gat gac gat ctg 

Met Asp Asp Asp Asp Leu 
90 

ttt ggc gaa gca aac gcg 

Phe Gly Glu Ala Asn Ala 
105 110 

gcg ttc teg att tta age 

Ala Phe Ser lie Leu Ser 

125 

gac aga att teg atg att 

Asp Arg He Ser Met He 

140 

gga atg tgc ggt ggt cag 
Gly Met Cys Gly Gly Gin 



aca aac acg ctg gac gca 

Thr Asn Thr Leu Asp Ala 
65 70 

tac tea tta att cat gat 

Tyr Ser Leu lie His Asp 
80 

cgt cgc ggt ttg cca ace 

Arg Arg Gly Leu Pro Thr 
95 100 

att etc get ggc gac get 

I le Leu Ala Gly Asp Ala 

115 

gat gee gat atg ccg gaa 

Asp Ala Asp Met Pro Glu 

130 

tct gaa ctg gcg age gee 

Ser Glu Leu Ala Ser Ala 
145 

gca tta gat tta gac gcg 
Ala Leu Asp Leu Asp Ala 
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ccc get gee gee 665 
Pro Ala Ala Ala 

gat tta ccg gca 713 

Asp Leu Pro Ala 
85 

tgc cat gtg aag 761 
Cys His Val Lys 

tta caa acg ctg 809 

Leu Gin Thr Leu 

120 

gtg teg gac cgc 857 

Val Ser Asp Arg 
135 

agt ggt att gee 905 

Ser Gly He Ala 
150 

gaa ggc aaa cac 953 

Glu Gly Lys His 
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155 160 165 

gta cct ctg gac gcg ctt gag cgt att cat cgt cat aaa acc ggc gca 1001 

Val Pro Leu Asp Ala Leu Glu Arg He His Arg His Lys Thr Gly Ala 
170 175 . ' 180 

ttg att cgc gcc gcc gtt cgc ctt ggt gca tta age gec gga gat aaa 1049 

Leu lie Arg Ala Ala Val Arg Leu Gly Ala Leu Ser Ala Gly Asp Lys 
185 190 195 200 

gga cgt cgt get ctg ccg gta etc gac aag tat gca gag age ate ggc 1097 

Gly Arg Arg Ala Leu Pro Val Leu Asp Lys Tyr Ala Glu Ser He Gly 

205 210 215 

ctt gcc ttc cag gtt cag gat gac ate ctg gat gtg gtg gga gat act 1145 

Leu Ala Phe Gin Val Gin Asp Asp He Leu Asp Val Val Gly Asp Thr 

220 225 230 

gca acg ttg gga aaa cgc cag ggt gcc gac cag caa ctt ggt aaa agt 1193 

Ala Thr Leu Gly Lys Arg Gin Gly Ala Asp Gin Gin Leu Gly Lys Ser 
235 240 245 

acc tac cct gca ctt ctg ggt ctt gag caa gcc egg aag aaa gcc egg 1241 

Thr Tyr Pro Ala Leu Leu Gly Leu Glu Gin Ala Arg Lys Lys Ala Arg 
250 255 260 

gat ctg ate gac gat gcc cgt cag teg ctg aaa caa ctg get gaa cag 1289 
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Asp Leu lie Asp Asp Ala Arg Gin Ser Leu Lys Gin Leu Ala Glu Gin 
265 270 275 280 

tea etc gat ace teg gca ctg gaa gcg eta gcg gac tac ate ate cag 1337 

Ser Leu Asp Thr Ser Ala Leu Glu Ala Leu Ala Asp Tyr lie He Gin 

285 290 295 

cgt aat aaa taaacaataa gtattaatag gcccctg atg agt ttt gat att gee 1391 

Arg Asn Lys Met Ser Phe Asp lie Ala 

1 5 

aaa tac ccg ace ctg gca ctg gtc gac tec acc cag gag tta cga ctg 1439 

Lys Tyr Pro Thr Leu Ala Leu Val Asp Ser Thr Gin Glu Leu Arg Leu 

10 15 20 

ttg ccg aaa gag agt tta ccg aaa etc tgc gac gaa ctg cgc cgc tat 1487 

Leu Pro Lys Glu Ser Leu Pro Lys Leu Cys Asp Glu Leu Arg Arg Tyr 
25 30 35 

tta etc gac age gtg age cgt tec age ggg cac ttc gee tec ggg ctg 1535 

Leu Leu Asp Ser Val Ser Arg Ser Ser Gly His Phe Ala Ser Gly Leu 
40 45 50 

ggc acg gtc gaa ctg acc gtg gcg ctg cac tat gtc tac aac acc ccg 1583 

Gly Thr Val Glu Leu Thr Val Ala Leu His Tyr Val Tyr Asn Thr Pro 
55 60 65 70 

ttt gac caa ttg att tgg gat gtg ggg cat cag get tat ccg cat aaa 1631 
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Phe Asp Gin Leu lie Trp Asp Val Gly" His Gin Ala Tyr Pro His Lys 

75 80 85 

att ttg acc gga cgc cgc gac aaa ate ggc acc ate cgt cag aaa ggc 1679 
He Leu Thr Gly Arg Arg Asp Lys He Gly Thr lie Arg Gin Lys Gly 
. 90 95 100 

ggt ctg cac ccg ttc ccg tgg cgc ggc gaa age gaa tat gac gta tta 1727 

Gly Leu His Pro Phe Pro Trp Arg Gly Glu Ser Glu Tyr Asp Val Leu 
105 110 115 

age gtc ggg cat tea tea acc tec ate agt gee gga att ggt att gcg 1775 

Ser Val Gly His Ser Ser Thr Ser He Ser Ala Gly lie Gly He Ala 
120 125 130 

gtt get gee gaa aaa gaa ggc aaa aat egc cgc acc gtc tgt gtc att 1823 

Val Ala Ala Glu Lys Glu Gly Lys Asn Arg Arg Thr Val Cys Val lie 
135 140 145 150 

ggc gat ggc gcg att acc gca ggc atg gcg ttt gaa gcg atg aat cac 1871 

Gly Asp Gly Ala He Thr Ala Gly Met Ala Phe Glu Ala Met Asn His 

155 160 165 

gcg ggc gat ate cgt cct gat atg ctg gtg att etc aac gac aat gaa 1919 

Ala Gly Asp lie Arg Pro Asp Met Leu Val He Leu Asn Asp Asn Glu 

170 175 180 
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atg teg att tec gaa aat gtc ggc gcg etc aac aac cat ctg gca cag 1967 

Met Ser He Ser Glu Asn Val Gly Ala Leu Asn Asn His Leu Ala Gin 
185 190 195 

ctg ctt tec ggt aag ctt tac tct tea ctg cgc gaa ggc ggg aaa aaa 2015 

Leu Leu Ser Gly Lys Leu Tyr Ser Ser Leu Arg Glu Gly Gly Lys Lys 
200 205 210 

gtt tic tct ggc gtg ccg cca att aaa gag ctg etc aaa cgc acc gaa 2063 

Val Phe Ser Gly Val Pro Pro He Lys Glu Leu Leu Lys Arg Thr Glu 
215 220 225 230 

gaa cat att aaa ggc atg gta gtg cct ggc acg ttg ttt gaa gag ctg 2111 

Glu His He Lys Gly Met Val Val Pro Gly Thr Leu Phe Glu Glu Leu 

235 240 245 

ggc ttt aac tac ate ggc ccg gtg gac ggt cac gat gtg ctg ggg ctt 2159 

Gly Phe Asn Tyr He Gly Pro Val Asp Gly His Asp Val Leu Gly Leu 

250 255 260 

ate acc acg eta aag aac atg cgc gac ctg aaa ggc ccg cag ttc ctg 2207 

lie Thr Thr Leu Lys Asn Met Arg Asp Leu Lys Gly Pro Gin Phe Leu 
265 270 275 

cat ate atg acc aaa aaa ggt cgt ggt tat gaa ccg gca gaa aaa gac 2255 

His He Met Thr Lys Lys Gly Arg Gly Tyr Glu Pro Ala Glu Lys Asp 
280 285 290 
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ccg ate act ttc cac gec gtg cct aaa ttt gat ccc tec age ggt tgt 2303 

Pro lie Thr Phe His Ala Val Pro Lys Phe Asp Pro Ser Ser Gly Cys 
295 300 305 310 

ttg ccg aaa agt age ggc ggt ttg ccg age tat tea aaa ate ttt ggc 2351 

Leu Pro Lys Ser Ser Gly Gly Leu Pro Ser Tyr Ser Lys He Phe Gly 

315 320 325 

gac tgg ttg tgc gaa acg gca gcg aaa gac aac aag ctg atg gcg att 2399 

Asp Trp Leu Cys Glu Thr Ala Ala Lys Asp Asn Lys Leu Met Ala lie 

330 335 340 

act ccg gcg atg cgt gaa ggt tec ggc atg gtc gag ttt tea cgt aaa 2447 

Thr Pro Ala Met Arg Glu Gly Ser Gly Met Val Glu Phe Ser Arg Lys 
345 350 355 

ttc ccg gat cgc tac ttc gac gtg gca att gee gag caa cac gcg gtg 2495 

Phe Pro Asp Arg Tyr Phe Asp Val Ala He Ala Glu Gin His Ala Val 
360 365 370 

ace ttt get gcg ggt ctg gcg att ggt ggg tac aaa ccc att gtc gcg 2543 

Thr Phe Ala Ala Gly Leu Ala He Gly Gly Tyr Lys Pro He Val Ala 
375 380 385 390 

att tac tec act ttc ctg caa cgc gee tat gat cag gtg ctg cat gac 2591 

lie Tyr Ser Thr Phe Leu Gin Arg Ala Tyr Asp Gin Val Leu His Asp 
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395 400 405 

gtg gcg att caa aag ctt ccg gtc ctg ttc gcc ate gac cgc gcg ggc 2639 

Val Ala He Gin Lys Leu Pro Val Leu Phe Ala He Asp Arg Ala Gly 

410 415 420 

att gtt ggt get gac ggt caa ace cat cag ggt get ttt gat etc tct 2687 

lie Val Gly Ala Asp Gly Gin Thr His Gin Gly Ala Phe Asp Leu Ser 
425 430 435 

tac ctg cgc tgc ata ccg gaa atg gtc att atg acc ccg age gat gaa 2735 

Tyr Leu Arg Cys He Pro Glu Met Val He Met Thr Pro Ser Asp Glu 
440 445 450 

aac gaa tgt cgc cag atg etc tat acc ggc tat cac tat aac gat ggc 2783 

Asn Glu Cys Arg Gin Met Leu Tyr Thr Gly Tyr His Tyr Asn Asp Gly 
455 460 465 470 

ccg tea gcg gtg cgc tac ccg cgt ggc aac gcg gtc ggc gtg gaa ctg 2831 

Pro Ser Ala Val Arg Tyr Pro Arg Gly Asn Ala Val Gly Val Glu Leu 

475 480 485 

acg ccg ctg gaa aaa eta cca att ggc aaa ggc att gtg aag cgt cgt 2879 

Thr Pro Leu Giu Lys Leu Pro He Gly Lys Gly He Val Lys Arg Arg 

490 495 500 

ggc gag aaa ctg gcg ate ctt aac ttt ggt acg ctg atg cca gaa gcg 2927 
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Gly Glu Lys Leu Ala He Leu Asn Phe Gly Thr Leu Met Pro Glu Ala 
505 510 515 

gcg aaa gtc gcc gaa teg ctg aac gec acg ctg gtc gat atg cgt ttt 2975 

Ala Lys Val Ala Glu Ser Leu Asn Ala Thr Leu Val Asp Met Arg Phe 
520 525 530 

gtg aaa ccg ctt gat gaa gcg tta att ctg gaa atg gcc gcc age cat 3023 

Val Lys Pro Leu Asp Glu Ala Leu He Leu Glu Met Ala Ala Ser His 
535 540 545 550 

gaa gcg ctg gtc acc gta gaa gaa aac gcc att atg ggc ggc gca ggc 3071 

Glu Ala Leu Val Thr Val Glu Glu Asn Ala He Met Gly Gly Ala Gly 

555 560 565 

age ggc gtg aac gaa gtg ctg atg gcc cat cgt aaa cca gta ccc gtg 3119 

Ser Gly Val Asn Glu Val Leu Met Ala His Arg Lys Pro Val Pro Val 

570 575 580 

ctg aac att ggc ctg ccg gac ttc ttt att ccg caa gga act cag gaa 3167 

Leu Asn He Gly Leu Pro Asp Phe Phe He Pro Gin Gly Thr Gin Glu 
585 590 595 

gaa atg cgc gcc gaa etc ggc etc gat gcc get ggt atg gaa gcc aaa 3215 

Glu Met Arg Ala Glu Leu Gly Leu Asp Ala Ala Gly Met Glu Ala Lys 
600 605 610 

ate aag gcc tgg ctg gca taatccctac tccactcctg etatgettaa 3263 
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I le Lys Ala Trp Leu Ala 
615 620 

gaaattattc atagactcta aataattcga gttgcaggaa ggcggcaaac gagtgaagcc 3323 

ccaggagctt acataagtaa gtg act ggg gtg aac gaa tgc age cgc age aca 3376 

Val Thr Gly Val Asn Glu Cys Ser Arg Ser Thr 
1 5 10 

tgc aac ttg aag tat gac gag tat age agg agt ggc age atg caa tac 3424 

Cys Asn Leu Lys Tyr Asp Glu Tyr Ser Arg Ser Gly Ser Met Gin Tyr 

15 20 25 

aac ccc tta gga aaa acc gac ctt cgc gtt tec cga ctt tgc etc ggc 3472 

Asn Pro Leu Gly Lys Thr Asp Leu Arg Val Ser Arg Leu Cys Leu Gly 
30 35 40 

tgt atg acc ttt ggc gag cca gat cgc ggt aat cac gca tgg aca ctg 3520 

Cys Met Thr Phe Gly Glu Pro Asp Arg Gly Asn His Ala Trp Thr Leu 
45 50 55 

ccg gaa gaa age age cgt ccc ata att aaa cgt gca ctg gaa ggc ggc 3568 

Pro Glu Glu Ser Ser Arg Pro lie He Lys Arg Ala Leu Glu Gly Gly 
60 65 70 75 

ata aat ttc ttt gat acc gee aac agt tat tct gac ggc age age gaa 3616 

lie Asn Phe Phe Asp Thr Ala Asn Ser Tyr Ser Asp Gly Ser Ser Glu 
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80 85 90 

gag ate gtc ggt cgc gca ctg egg gat ttc gec cgt cgt gaa gac gtg 3664 

Glu lie Val Gly Arg Ala Leu Arg Asp Phe Ala Arg Arg Glu Asp Val 

95 - 100 ' 105 

gtc gtt gcg acc aaa gtg ttc cat cgc gtt ggt gat tta ccg gaa gga 3712 

Val Val Ala Thr Lys Val Phe His Arg Val Gly Asp Leu Pro Glu Gly 

110 115 120 

tta tec cgt gcg caa att ttg cgc tct ate gac gac age ctg cga cgt 3760 

Leu Ser Arg Ala Gin He Leu Arg Ser He Asp Asp Ser Leu Arg Arg 
125 130 135 

etc ggc atg gat tat gtc gat ate ctg caa att cat cgc tgg gat tac 3808 

Leu Gly Met Asp Tyr Val Asp lie Leu Gin He His Arg Trp Asp Tyr 
140 145 150 155 

aac acg ccg ate gaa gag acg ctg gaa gec etc aac gac gtg gta aaa 3856 

Asn Thr Pro He Glu Glu Thr Leu Glu Ala Leu Asn Asp Val Val Lys 

160 165 170 

gec ggg aaa gcg cgt tat ate ggc gcg tea tea atg cac get teg cag 3904 

Ala Gly Lys Ala Arg Tyr He Gly Ala Ser Ser Met His Ala Ser Gin 

175 180 185 

ttt get cag gca ctg gaa etc caa aaa cag cac ggc tgg gcg cag ttt 3952 

Phe Ala Gin Ala Leu Glu Leu Gin Lys Gin His Gly Trp Ala Gin Phe 
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190 195 200 

gtc agt atg cag gat cac tac aat ctg att tat cgt gaa gaa gag cgc 4000 

Val Ser Met Gin Asp His Tyr Asn Leu He Tyr Arg Glu Glu Glu Arg 
'* 205 210 215 

gag atg eta cca ctg tgt tat cag gag ggc gtg gcg gta att cca tgg 4048 

Glu Met Leu Pro Leu Cys Tyr Gin Glu Gly Val Ala Val He Pro Trp 
220 225 230 235 

age ccg ctg gca agg ggc cgt ctg acg cgt ccg tgg gga gaa act acc 4096 

Ser Pro Leu Ala Arg Gly Arg Leu Thr Arg Pro Trp Gly Glu Thr Thr 

240 245 250 

gca cga ctg gtg tct gat gag gtg ggg aaa aat etc tat aaa gaa age 4144 

Ala Arg Leu Val Ser Asp Glu Val Gly Lys Asn Leu Tyr Lys Glu Ser 

255 260 265 

gat gaa aat gac gcg cag ate gca gag egg tta aca ggc gtc agt gaa 4192 

Asp Glu Asn Asp Ala Gin lie Ala Glu Arg Leu Thr Gly Val Ser Glu 
270 275 280 

gaa ctg ggg gcg aca cga gca caa gtt gcg ctg gec tgg ttg ttg agt 4240 

Glu Leu Gly Ala Thr Arg Ala Gin Val Ala Leu Ala Trp Leu Leu Ser 
285 290 295 

aaa ccg ggc att gec gca ccg att ate gga act teg cgc gaa gaa cag 4288 
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Lys Pro Gly He Ala Ala Pro He He Gly Thr Ser Arg Glu Glu Gin 
300 305 310 315 

ctt gat gag eta ttg aac gcg gtg gat ate act ttg aag ccg gaa cag 4336 

Leu Asp Glu Leu Leu Asn Ala Val Asp He Thr Leu Lys Pro Glu Gin 

320 325 330 

att gee gaa ctg gaa acg ccg tat aaa ccg cat cct gtc gta gga ttt 4384 

He Ala Glu Leu Glu Thr' Pro Tyr Lys Pro His Pro Val Val Gly Phe 

335 340 345 

aaa taa 4390 



Lys 



<210> 12 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 12 

ccggatccat ggcggcaatg gttcgttggc aag 33 



<210> 13 
<211> 34 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Synthet ic DNA 
<400> 13 

ccgaattctt atttaaatcc tacgacagga tgcg 34 

<210> 14 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 14 

ccggatccat gagttttgat attgccaaat acc 33 

•i - 

<210> 15 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Synthetic DNA 
<400> 15 

ccgaattctt atgccagcca ggccttgatt ttg 33 
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<210> 16 
<211> 33 
<212> DNA. 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Synthetic DNA 
<400> 16 

ccgaattctt actcattgtc cggtgtaaaa ggg 33 

<210> 17 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Synthetic DNA 
<400> 17 

ccggatccat ggactttccg cagcaactcg aag 33 

<210> 18 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence:Synthetic DNA 



<400> 18 



ccgaattctt atttattacg ctggatgatg tag 



33 



<210> 19 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 19 

ccggatccta atccctactc cactcctgct atg 33 

<210> 20 
<211> 30 
<212> DNA 



<213> Artificial Sequence 



<220> 



<223> Description of Artificial Sequence: Synthetic DNA 



<400> 20 



gggggatcca agcaactcac cattctgggc 



30 



<210> 21 
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<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220>. 

m * * 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 21 

gggggatccg cttgcgagac gcatcacctc 30 



<210> 22 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 

i 

<400> 22 

gggggatcca gttttgatat tgccaaatac cc 32 

<210> 23 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
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<400> 23 

gggggatcct gccagccagg ccttgatttt gg 

<210> 24 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 24 

gggggatccg agcaactcac cattctgggc 

<210> 25 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 25 

gggggatccg cttgcgagac gcatcacctc 

<210> 26 
<211> 637 
<212> PRT 
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<213> Rhodobacter sphaeroides 
<400> 26 

Met Thr Asp Arg Pro Cys Thr Pro Thr Leu Asp Arg Vai Thr Leu Pro 
15 10 15 

Val Asp Met Lys Gly Leu Thr Asp Arg Glu Leu Arg Ser Leu Ala Asp 

20 25 30 

Glu Leu Arg Ala Glu Thr He Ser Ala Val Ser Val Thr Gly Gly His 
35 40 45 

Leu Gly Ala Gly Leu Gly Val Val Glu Leu Thr Val Ala Leu His Ala 
50 55 60 

Val Phe Asp Ala Pro Arg Asp Lys He He Trp Asp Val Gly His Gin 
65 70 75 80 

Cys Tyr Pro His Lys He Leu Thr Gly Arg Arg Asp Arg He Arg Thr 

85 90 95 

Leu Arg Gin Gly Gly Gly Leu Ser Gly Phe Thr Lys Arg Ser Glu Ser 

100 105 110 

Pro Tyr Asp Cys Phe Gly Ala Gly His Ser Ser Thr Ser lie Ser Ala 
115 120 125 

Ala Val Gly Phe Ala Ala Ala Arg Glu Met Gly Gly Asp Thr Gly Asp 
130 135 140 

Ala Val Ala Val He Gly Asp Gly Ser Met Ser Ala Gly Met Ala Phe 
145 150 155 160 
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Glu Ala Leu Asn His Gly Gly His Leu Lys Asn Arg Val He Val He 

165 170 175 

Leu Asn Asp Asn Glu Met Ser He Ala Pro Pro Val Gly Ala Leu Ser 

180 185 190 

Ser Tyr Leu Ser Arg Leu Tyr Ala Gly Ala Pro Phe Gin Asp Phe Lys 
195 200 205 

Ala Ala Ala Lys Gly Ala Leu Gly Leu Leu Pro Glu Pro Phe Gin Glu 
210 215 220 

Gly Ala Arg Arg Ala Lys Glu Met Leu Lys Ser Val Thr Val Gly Gly 
225 230 235 240 

Thr Leu Phe Glu Glu Leu Gly Phe Ser Tyr Val Gly Pro He Asp Gly 

245 250 255 

His Asp Leu Asp Gin Leu Leu Pro Val Leu Arg Thr Val Lys Gin Arg 

260 265 270 

Ala His Ala Pro Val Leu He His Val He Thr Lys Lys Gly Arg Gly 
275 280 285 

Tyr Ala Pro Ala Glu Ala Ala Arg Asp Arg Gly His Ala Thr Asn Lys 
290 295 300 

Phe Asn Val Leu Thr Gly Ala Gin Val Lys Pro Val Ser Asn Ala Pro 
305 310 315 320 

Ser Tyr Thr Lys Val Phe Ala Gin Ser Leu lie Lys Glu Ala Glu Val 

325 330 335 
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Asp Glu Arg He Cys Ala Val Thr Ala Ala Met Pro Asp Gly Thr Gly 

340 345 350 

Leu Asn Leu Phe Gly Glu Arg Phe Pro Lys Arg Thr Phe Asp Val Gly 
355 360 365 

He Ala Glu Gin His Ala Val Thr Phe Ser Ala Ala Leu Ala Ala Gly 
370 375 380 

Gly Met Arg Pro Phe Cys Ala lie Tyr Ser Thr Phe Leu Gin Arg Gly 
385 390 395 400 

Tyr Asp Gin He Val His Asp Val Ala He Gin Arg Leu Pro Val Arg 

405 410 415 

Phe Ala He Asp Arg Ala Gly Leu Val Gly Ala Asp Gly Ala Thr His 

420 425 430 

Ala Gly Ser Phe Asp Val Ala Phe Leu Ser Asn Leu Pro Gly He Val 
435 440 445 

Val Met Ala Ala Ala Asp Glu Ala Glu Leu Val His Met Val Ala Thr 
450 455 460 

Ala Ala Ala His Asp Glu Gly Pro He Ala Phe Arg Tyr Pro Arg Gly 
465 470 475 480 

Asp Gly Val Gly Val Glu Met Pro Val Lys Gly Val Pro Leu Gin He 

485 490 495 

Gly Arg Gly Arg Val Val Arg Glu Gly Thr Arg He Ala Leu Leu Ser 

500 505 510 
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Phe Gly Thr Arg Leu Ala Glu Val Gin Val Ala Ala Glu Ala Leu Arg 
515 520 525 

Ala Arg Gly He Ser Pro Thr Val Ala Asp Ala Arg Phe Ala Lys Pro 
530 535 540 

Leu Asp Arg Asp Leu He Leu Gin Leu Ala Ala His His Glu Ala Leu 
545 550 555 560 

He Thr He Glu Glu Gly Ala lie Gly Gly Phe Gly Ser His Val Ala 

565 570 575 

Gin Leu Leu Ala Glu Ala Gly Val Phe Asp Arg Gly Phe Arg Tyr Arg 

580 585 590 

Ser Met Val Leu Pro Asp Thr Phe lie Asp His Asn Ser Ala Glu Val 
595 600 605 

Met Tyr Ala Thr Ala Gly Leu Asn Ala Ala Asp He Glu Arg Lys Ala 
610 615 620 

Leu Glu Thr Leu Gly Val Glu Val Leu Ala Arg Arg Ala 
625 630 635 



<210> 27 
<211> 1911 
<212> DNA 

<213> Rhodobacter sphaeroides 

<220> 

<221> CDS 

<222> (1)..(1911) 
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<400> 27 

atg acc gac aga ccc tgc acg ccg acg etc gac egg gtg acg etc ccg 48 

Met Thr Asp Arg Pro Cys Thr Pro Thr Leu Asp Arg Val Thr Leu Pro 

15 10 15 

m 

gtg gac atg aag ggc etc acg gac cgt gag ctg cgc teg ctg gee gac 96 
Val Asp Met Lys Gly Leu Thr Asp Arg Glu Leu Arg Ser Leu Ala Asp 

20 25 30 

gag ctg egg gec gaa acg ate teg gee gtg teg gtg acg ggc ggg cat 144 
Glu Leu Arg Ala Glu Thr He Ser Ala Val Ser Val Thr Gly Gly His 
35 40 45 

ctg ggc gca ggc etc ggc gtg gtg gag ttg acg gtt gcg ctg cat gcg 192 
Leu Gly Ala Gly Leu Gly Val Val Glu Leu Thr Val Ala Leu His Ala 
50 55 60 

gtc ttc gat gcg ccg cgc gac aag ate ate tgg gac gtg ggc cac cag 240 
Val Phe Asp Ala Pro Arg Asp Lys He He Trp Asp Val Gly His Gin 
65 70 75 80 

tgc tac ccc cac aag ate ctg acc ggg egg cgc gac cgc ate cgc aca 288 
Cys Tyr Pro His Lys He Leu Thr Gly Arg Arg Asp Arg He Arg Thr 

85 90 95 

ctg egg cag ggc ggg ggt etc teg ggc ttc acc aag cgc tec gag age 336 
Leu Arg Gin Gly Gly Gly Leu Ser Gly Phe Thr Lys Arg Ser Glu Ser 

100 105 110 



ccc tac gac tgt ttc ggc gcg ggc cat tec teg acc teg ate teg gee 
Pro Tyr Asp Cys Phe Gly Ala Gly His Ser Ser Thr Ser lie Ser Ala 
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115 120 125 

gcg gtg ggc ttt gcc gcg gcg cgc gag atg ggc ggc gac acg ggc gac 432 
Ala Val Gly Phe Ala Ala Ala Arg Glu Met Gly Gly Asp Thr Gly Asp 
130 135 140 

gcg gtg gcg gtg ate ggc gat ggc teg atg teg gcc ggc atg gcc ttc 480 
Ala Val Ala Val He Gly Asp Gly Ser Met Ser Ala Gly Met Ala Phe 
145 150 155 160 

gag gcg ctg aac cac ggc ggg cac ctg aag aac egg gtg ate gtg ate 528 
Glu Ala Leu Asn His Gly Gly His Leu Lys Asn Arg Val He Val He 

165 170 175 

ctg aac gac aat gag atg age ate gcg ccg ccg gtg ggg gcg ctg teg 576 
Leu Asn Asp Asn Glu Met Ser He Ala Pro Pro Val Gly Ala Leu Ser 

180 185 190 

tec tat etc teg egg etc tat gcg ggc gcg ccg ttc cag gac. ttc aag 624 
Ser Tyr Leu Ser Arg Leu Tyr Ala Gly Ala Pro Phe Gin Asp Phe Lys 
195 200 205 

gcg gcc gcc aag gga gcg etc ggg ctt ctg ccc gaa ccg ttc cag gag 672 
Ala Ala Ala Lys Gly Ala Leu Gly Leu Leu Pro Glu Pro Phe Gin Glu 
210 215 220 

ggc gcg cgc cgc gcc aag gag atg ctg aag age gtc ace gtc ggc ggc 720 
Gly Ala Arg Arg Ala Lys Glu Met Leu Lys Ser Val Thr Val Gly Gly 
225 230 235 240 



acg etc ttc gag gag ctg ggt ttc tec tat gtc ggc ccg ate gac ggg 
Thr Leu Phe Glu Glu Leu Gly Phe Ser Tyr Val Gly Pro He Asp Gly 
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245 250 255 

cac gat etc gac cag ctt ctg ccg gtg ctg egg ace gtc aag cag egg 816 

His Asp Leu Asp Gin Leu Leu Pro Val Leu Arg Thr Val Lys Gin Arg 

260 265 270 

# * 

gcg cat gcg ccg gtg ctg ate cat gtc ate acc aag aag ggc agg ggc 864 
Ala His Ala Pro Val Leu lie His Val He Thr Lys Lys Gly Arg Gly 
275 280 285 

tat get ccg gec gag gec gcg cgc gac cgc ggc cat gee acg aac aag 912 
Tyr Ala Pro Ala Glu Ala Ala Arg Asp Arg Gly His Ala Thr Asn Lys 
290 295 300 

ttc aac gtc ctg acc ggc gcg cag gtg aag ccg gtc teg aac gec ccc 960 
Phe Asn Val Leu Thr Gly Ala Gin Val Lys Pro Val Ser Asn Ala Pro 
305 310 315 320 

tec tac acc aag gtc ttc gee cag age etc ate aag gag gee gag gtc 1008 
Ser Tyr Thr Lys Val Phe Ala Gin Ser Leu lie Lys Glu Ala Glu Val 

325 330 335 

gac gag egg ate tgc gcg gtg acg gec gec atg ccg gac ggg acg ggg 1056 
Asp Glu Arg He Cys Ala Val Thr Ala Ala Met Pro Asp Gly Thr Gly 

340 345 350 

etc aac etc ttc ggc gag egg ttt ccg aag cgc acc ttc gac gtg ggc 1104 
Leu Asn Leu Phe Gly Glu Arg Phe Pro Lys Arg Thr Phe Asp Val Gly 
355 360 365 

ate gcg gaa cag cat gcg gtg acc ttc teg gcg gcg ctt gcg gca ggc 1152 
lie Ala Glu Gin His Ala Val Thr Phe Ser Ala Ala Leu Ala Ala Gly 
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370 375 380 

ggc atg egg ccc ttc tgc gcg ate tat tec ace ttc etc cag cgc ggc 1200 
Gly Met Arg Pro Phe Cys Ala He Tyr Ser Thr Phe Leu Gin Arg Gly 
385 390 395 400 

4 * 

tac gac cag ate gtg cat gac gtg gcg ate cag cgc ctg ccg gtg cgc 1248 
Tyr Asp Gin He Val His Asp Val Ala He Gin Arg Leu Pro Val Arg 

405 410 415 

ttc gec ate gat cgc gcg ggc etc gtg ggg gcg gac ggc gee acc cat 1296 
Phe Ala He Asp Arg Ala Gly Leu Val Gly Ala Asp Gly Ala Thr His 

420 425 430 

gcg ggc teg ttc gac gtg gee ttc ctg teg aac ctg ccc ggc ate gtg 1344 
Ala Gly Ser Phe Asp Val Ala Phe Leu Ser Asn Leu Pro Gly He Val 
435 440 445 

gtg atg gec gec gec gac gag gee gag etc gtc cat atg gtg gee acc 1392 
Val Met Ala Ala Ala Asp Glu Ala Glu Leu Val His Met Val Ala Thr 
450 455 460 

gec gec gec cat gac gaa ggg ccc ate gec ttc cgc tac ccg cgc ggc 1440 
Ala Ala Ala His Asp Glu Gly Pro lie Ala Phe Arg Tyr Pro Arg Gly 
465 470 475 480 

gac ggc gtg ggg gtc gag atg ccg gtg aag ggc gtg ccg etc cag ate 1488 
Asp Gly Val Gly Val Glu Met Pro Val Lys Gly Val Pro Leu Gin He 

485 490 495 



ggc cgc ggc cgt gtg gtg cgc gag ggc acg cga ate gcg ctt ttg tec 
Gly Arg Gly Arg Val Val Arg Glu Gly Thr Arg He Ala Leu Leu Ser 
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500 505 510 

ttc ggc acc cgt ctg gcc gag gtg cag gtg gcc gcc gag gcg ctg cgt 1584 
Phe Gly Thr Arg Leu Ala Glu Val Gin Val Ala Ala Glu Ala Leu Arg 
515 520 525 

gcg cgc ggg ate tel ccc acg gtt gcg gat gcg cgc ttt gca aag ccg 1632 
Ala Arg Gly lie Ser Pro Thr Val Ala Asp Ala Arg Phe Ala Lys Pro 
530 535 540 

etc gac egg gat ctg ate ctg cag etc gcg gcc cat cac gag gcg ctt 1680 
Leu Asp Arg Asp Leu He Leu Gin Leu Ala Ala His His Glu Ala Leu 
545 550 555 560 

ate acc ate gag gag ggc gcc ate ggc ggt ttc ggc age cat gtg gcg 1728 
He Thr lie Glu Glu Gly Ala He Gly Gly Phe Gly Ser His Val Ala 

565 570 575 

cag ctt ctg gcc gag gcc ggg gtc ttc gac cgc ggc ttc egg tat cgc 1776 
Gin Leu Leu Ala Glu Ala Gly Val Phe Asp Arg Gly Phe Arg Tyr Arg 

580 585 590 

teg atg gtg ctg ccc gac acg ttc ate gac cac aac age gcg gag gtg 1824 
Ser Met Val Leu Pro Asp Thr Phe He Asp His Asn Ser Ala Glu Val 
595 600 605 

atg tat gcc acc gcc ggg ctg aat gcg gcc gac ata gag egg aag gcg 1872 
Met Tyr Ala Thr Ala Gly Leu Asn Ala Ala Asp lie Glu Arg Lys Ala 
610 615 620 



ctg gag acg ctg ggg gtg gag gtc etc gcc cgc cgc gcc 
Leu Glu Thr Leu Gly Val Glu Val Leu Ala Arg Arg Ala 
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625 630 635 



<210> 28 
<211> 648 
<212> PRT 

<213> Rhodobacter sphaeroides 
<400> 28 

Met Thr Asn Pro Thr Pro Arg Pro Glu Thr Pro Leu Leu Asp Arg Val 
1 5 10 15 

Cys Cys Pro Ala Asp Met Lys Ala Leu Ser Asp Ala Glu Leu Glu Arg 

20 25 30 

Leu Ala Asp Glu Val Arg Ser Glu Val He Ser Val Val Ala Glu Thr 
35 40 45 

Gly Gly His Leu Gly Ser Ser Leu Gly Val Val Glu Leu Thr Val Ala 
50 55 60 

Leu His Ala Val Phe Asn Thr Pro Thr Asp Lys Leu Val Trp Asp Val 
65 70 75 80 

Gly His Gin Cys Tyr Pro His Lys He Leu Thr Gly Arg Arg Glu Gin 

85 90 95 

Met Arg Thr Leu Arg Gin Lys Gly Gly Leu Ser Gly Phe Thr Lys Arg 

100 105 HO 

Ser Glu Ser Ala Tyr Asp Pro Phe Gly Ala Ala His Ser Ser Thr Ser 
115 120 125 
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He Ser Ala Ala Leu Gly Phe Ala Met Gly Arg Glu Leu Gly Gin Pro 
130 135 140 

Val Gly Asp Thr He Ala Val He Gly Asp Gly Ser lie Thr Ala Gly 
145 150 155 160 

Met Ala Tyr Glu Ala Leu Asn His Ala Gly His Leu Asn Lys Arg Leu 

165 170 175 

Phe Val He Leu Asn Asp Asn Asp Met Ser He Ala Pro Pro Val Gly 

180 185 190 

Ala Leu Ala Arg Tyr Leu Val Asn Leu Ser Ser Lys Ala Pro Phe Ala 
195 200 205 

Thr Leu Arg Ala Ala Ala Asp Gly Leu Glu Ala Ser Leu Pro Gly Pro 
210 215 220 

Leu Arg Asp Gly Ala Arg Arg Ala Arg Gin Leu Val Thr Gly Met Pro 
225 230 235 240 

Gly Gly Gly Thr Leu Phe Glu Glu Leu Gly Phe Thr Tyr Val Gly Pro 

245 250 255 

lie Asp Gly His Asp Met Glu Ala Leu Leu Gin Thr Leu Arg Ala Ala 

260 265 270 

Arg Ala Arg Thr Thr Gly Pro Val Leu He His Val Val Thr Lys Lys 
275 280 285 

Gly Lys Gly Tyr Ala Pro Ala Glu Asn Ala Pro Asp Lys Tyr His Gly 
290 295 300 
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Val Asn Lys Phe Asp Pro Val Thr Gly Glu Gin Lys Lys Ser Val Ala 
305 310 * 315 320 

Asn Ala Pro Asn Tyr Thr Lys Val Phe Gly Ser Thr Leu Thr Glu Glu 

325 330 335 

Ala Ala Arg Asp Pro Arg lie Val Ala lie Thr Ala Ala Met Pro Ser 
• 340 345 350 

Gly Thr Gly Val Asp He Met Gin Lys Arg Phe Pro Asn Arg Val Phe 
355 360 365 

Asp Val Gly He Ala Glu Gin His Ala Val Thr Phe Ala Ala Gly Leu 
370 375 380 

Ala Gly Ala Gly Met Lys Pro Phe Cys Ala He Tyr Ser Ser Phe Leu 
385 390 395 400 

Gin Arg Gly Tyr Asp Gin lie Ala His Asp Val Ala Leu Gin Asn Leu 

405 410 415 

Pro Val Arg Phe Val He Asp Arg Ala Gly Leu Val Gly Ala Asp Gly 

420 425 430 

Ala Thr His Ala Gly Ala Phe Asp Val Gly Phe Leu Thr Ser Leu Pro 
435 440 445 

Asn Met Thr Val Met Ala Ala Ala Asp Glu Ala Glu Leu He His Met 
450 455 460 

He Ala Thr Ala Val Ala Phe Asp Glu Gly Pro He Ala Phe Arg Phe 
465 470 475 480 
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Pro Arg Gly Glu Gly Val Gly Val GIu Met Pro GIu Arg Gly Thr Val 

485 490 495 

Leu Glu Pro Gly Arg Gly Arg Val Val Arg Glu Gly Thr Asp Val Ala 

500 505 510 

He Leu Ser Phe Gly Ala His Leu His Glu Ala Leu Gin Ala Ala Lys 
515 520 525 

Leu Leu Glu Ala Glu Gly Val Ser Val Thr Val Ala Asp Ala Arg Phe 
530 535 54 0 

Ser Arg Pro Leu Asp Thr Gly Leu He Asp Gin Leu Val Arg His His 
545 550 555 560 

Ala Ala Leu Val Thr Val Glu Gin Gly Ala Met Gly Gly Phe GJy Ala 

565 570 5?5 

His Val Met His Tyr Leu Ala Asn Ser Gly Gly Phe Asp Gly Gly Leu 

580 5 8 5 590 

Ala Leu Arg Val Met Thr Leu Pro Asp Arg Phe He Glu Gin Ala Ser 
595 600 6 05 

Pro Glu Asp Met Tyr Ala Asp Ala Gly Leu Arg Ala Glu Asp lie Ala 
610 615 6 20 

Ala Thr Ala Arg Gly Ala Leu Ala Arg Gly Arg Val Met Pro Leu Arg 
625 630 635 640 

Gin Thr Ala Lys Pro Arg Ala Val 

645 
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<210> 29 
<211> 1944 
<212> DNA 

<213> Rhodobacter sphaeroides 

* 

<220> 

<221> CDS 

<222> (1). . (1944) 

<400> 29 

atg acc aat ccc acc ccg cga ccc gaa acc ccg ctt ttg gat cgc gtc 48 

Met Thr Asn Pro Thr Pro Arg Pro Glu Thr Pro Leu Leu Asp Arg Val 
15 10 15 

tgc tgc ccg gcc gac atg aag gcg ctg agt gac gcc gaa ctg gag egg 96 
Cys Cys Pro Ala Asp Met Lys Ala Leu Ser Asp Ala Glu Leu Glu Arg 

20 25 30 

ctg gcc gac gaa gtg cgt tec gag gtg att teg gtc gtt gcc gag acg 144 
Leu Ala Asp Glu Val Arg Ser Glu Val lie Ser Val Val Ala Glu Thr 
35 40 45 

gga gga cat ctg ggg tec teg ctg ggg gtg gtc gag ctg acc gtc gcg 192 
Gly Gly His Leu Gly Ser Ser Leu Gly Val Val Glu Leu Thr Val Ala 
50 55 60 

ctg cat gca gtc ttc aac acg ccc acc gac aag etc gtc tgg gac gtg 240 
Leu His Ala Val Phe Asn Thr Pro Thr Asp Lys Leu Val Trp Asp Val 
65 70 75 80 



ggc cac cag tgc tac ccc cac aag ate etc acc ggc egg cgc gag cag 
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Gly His Gin Cys Tyr Pro His Lys He Leu Thr Gly Arg Arg Glu Gin 

85 90 95 

atg cgc acc ctg cgc cag aag ggc ggc etc teg ggc ttc acc aag cgc 336 
Met Arg Thr Leu Arg Gin Lys Gly Gly Leu Ser Gly Phe Thr Lys Arg 

100 105 ' 110 

teg gaa tec gee tac gac ccg ttc ggc gcg gee cat tec teg acc teg 384 
Ser Glu Ser Ala Tyr Asp Pro Phe Gly Ala Ala His Ser Ser Thr Ser 
115 120 125 

ate teg gee gcg etc ggc ttt gec atg ggc cgc gag ctg ggc caa ccc 432 
He Ser Ala Ala Leu Gly Phe Ala Met Gly Arg Glu Leu Gly Gin Pro 
130 135 140 

gtg ggc gac acg ate gec gtg ate ggc gac ggc teg ate acc gcg ggc 480 
Val Gly Asp Thr He Ala Val He Gly Asp Gly Ser He Thr Ala Gly 
145 150 155 160 

atg gec tac gag gcg ctg aac cac gcg ggc cat ctg aac aag cgc ctg 528 
Met Ala Tyr Glu Ala Leu Asn His Ala Gly His Leu Asn Lys Arg Leu 

165 170 175 

ttc gtg ate ctg aac gac aat gac atg age ate gcg ccg ccc gtg ggg 576 
Phe Val He Leu Asn Asp Asn Asp Met Ser He Ala Pro Pro Val Gly 

180 185 190 

get ctg gcg cgc tat etc gtg aat etc tec teg aag gcg ccc ttc gee 624 
Ala Leu Ala Arg Tyr Leu Val Asn Leu Ser Ser Lys Ala Pro Phe Ala 
195 200 205 



acg ctg cgc gcg gec gec gac ggg etc gag gee teg ctg ccg ggg ccg 
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Thr Leu Arg Ala Ala Ala Asp Gly Leu Glu Ala Ser Leu Pro Gly Pro 
210 215 220 

etc cgc gac ggg gcg cgc egg gcg cgc cag etc gtg acc ggg atg ccg 720 
Leu Arg Asp Gly Ala Arg Arg Ala Arg Gin Leu Val Thr Gly Met Pro 
225 ' 230 235 240 

ggc ggg ggc acg etc ttc gag gag ctg ggc ttc acc tat gtg ggt ccc 768 
Giy Gly Gly Thr Leu Phe Glu Glu Leu Gly Phe Thr Tyr Val Gly Pro 

245 250 255 

ate gac ggc cac gac atg gag gcg ctg etc cag acg ctg cgc gcg gcg 816 
He Asp Gly His Asp Met Glu Ala Leu Leu Gin Thr Leu Arg Ala Ala 

260 265 270 

egg gee egg acc acg ggg ccg gtg etc ate cat gtg gtc acg aag aag 864 
Arg Ala Arg Thr Thr Gly Pro Val Leu He His Val Val Thr Lys Lys 
275 280 285 

ggc aag ggc tac gec cct gec gag aat gec ccc gac aag tat cac ggg 912 
Gly Lys Gly Tyr Ala Pro Ala Glu Asn Ala Pro Asp Lys Tyr His Gly 
290 295 300 

gtg aac aag ttc gac ccc gtc acg ggc gag cag aag aag teg gtc gec 960 
Val Asn Lys Phe Asp Pro Val Thr Gly Glu Gin Lys Lys Ser Val Ala 
305 310 315 320 

aac gcg ccg aac tac acc aag gtc ttc ggc tec acc ctg acc gag gag 1008 
Asn Ala Pro Asn Tyr Thr Lys Val Phe Gly Ser Thr Leu Thr Glu Glu 

325 330 335 

gec gcg cgc gat ccg cgc ate gtg gec ate acc gcg gec atg ccc teg 1056 
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Ala Ala Arg Asp Pro Arg He Val Ala lie Thr Ala Ala Met Pro Ser 

340 345 350 

ggc acc ggc gtc gac ate atg cag aag cgt ttc ccg aac cgc gtc ttc 1104 
Gly Thr Gly Val Asp He Met Gin Lys Arg Phe Pro Asn Arg Val Phe 
355 360 365 

gac gtg ggc ate gec gag cag cat gec gtg acc ttc gcg gcg ggc ctt 1152 
Asp Val Gly lie Ala Glu Gin His Ala Val Thr Phe Ala Ala Gly Leu 
370 375 380 

gec ggg gec ggg atg aag ccc ttc tgc gcg ate tat tec teg ttc ctg 1200 
Ala Gly Ala Gly Met Lys Pro Phe Cys Ala He Tyr Ser Ser Phe Leu 
385 390 395 400 

caa egg ggc tac gac cag ate gec cat gac gtg gcg ctg cag aac ctt 1248 
Gin Arg Gly Tyr Asp Gin lie Ala His Asp Val Ala Leu Gin Asn Leu 

405 410 415 

ccc gtc cgc ttc gtg ate gac egg gcg ggg etc gtg ggg gec gac ggt 1296 
Pro Val Arg Phe Val He Asp Arg Ala Gly Leu Val Gly Ala Asp Gly 

420 425 430 

gcg acc cat gcg ggg gec ttc gat gtg ggc ttc etc acg teg ctg ccc 1344 
Ala Thr His Ala Gly Ala Phe Asp Val Gly Phe Leu Thr Ser Leu Pro 
435 440 445 

aat atg acc gtg atg gec gcg gec gac gag gec gag etc ate cac atg 1392 
Asn Met Thr Val Met Ala Ala Ala Asp Glu Ala Glu Leu He His Met 
450 455 460 



ate gee acc gee gtg gec ttc gac gag ggc ccc att gee ttc cgc ttc 
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lie Ala Thr Ala Val Ala Phe Asp Glu Gly Pro lie Ala Phe Arg Phe 
465 470 475 480 

ccg egg ggc gag ggg gtg ggc gtc gag atg ccc gag cgc ggg acc gtg 1488 
Pro Arg Gly Glu Gly Val Gly Val Glu Met Pro Glu Arg Gly Thr Val 

485 490 495 

ctg gaa ccc ggc egg ggc cgc gtg gtg cgc gag ggg acg gat gtg gcg 1536 
Leu Glu Pro Gly Arg Gly Arg Val Val Arg Glu Gly Thr Asp Val Ala 

500 505 510 

ate ctt tec ttc ggc gcg cat ctg cac gag gee ttg cag gcg gcg aaa 1584 
He Leu Ser Phe Gly Ala His Leu His Glu Ala Leu Gin Ala Ala Lys 
515 520 525 

etc etc gag gec gag ggg gtg age gtg acc gtg gec gac gec cgc ttc 1632 
Leu Leu Glu Ala Glu Gly Val Ser Val Thr Val Ala Asp Ala Arg Phe 
530 535 540 

teg cgc ccg etc gac acg ggg etc att gac cag etc gtg cgc cat cac 1680 
Ser Arg Pro Leu Asp Thr Gly Leu lie Asp Gin Leu Val Arg His His 
545 550 555 560 

gec gcg ctg gtg acg gtg gag cag ggg gec atg ggc ggc ttc ggc get 1728 
Ala Ala Leu Val Thr Val Glu Gin Gly Ala Met Gly Gly Phe Gly Ala 

565 570 575 

cat gtc atg cac tat etc gec aat tec ggc ggc ttc gac ggg ggc etc 1776 
His Val Met His Tyr Leu Ala Asn Ser Gly Gly Phe Asp Gly Gly Leu 

580 585 590 

gcg etc egg gtc atg acg ctg ccc gac cgc ttc ate gag cag gcg age 1824 
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Ala Leu Arg Val Met Thr Leu Pro Asp Arg Phe He Glu Gin Ala Ser 
595 600 605 

ccc gag gac atg tat gcc gat gcg ggg ctg egg gec gag gat ate gcg 1872 
Pro Glu Asp Met Tyr Ala Asp Ala Gly Leu Arg Ala Glu Asp He Ala 
610 615 620 

gcc acc gcg egg ggc gcg etc gcc egg ggg cgc gtg atg ccg etc egg 1920 
Ala Thr Ala Arg Gly Ala Leu Ala Arg Gly Arg Val Met Pro Leu Arg 
625 630 635 640 

cag acg gca aag ccg egg gcg gtc 1944 
Gin Thr Ala Lys Pro Arg Ala Val 

645 



<210> 30 
<211> 394 
<212> PRT 

<213> Rhodobacter sphaeroides 
<400> 30 

Met Arg Ser Leu Ser He Phe Gly Ala Thr Gly Ser lie Gly Glu Ser 
15 10 15 

Thr Phe Asp Leu Val Met Arg Lys Gly Gly Pro Glu Ala Phe Arg Thr 

20 25 30 

Val Ala Leu Thr Gly Gly Arg Asn lie Arg Arg Leu Ala Glu Met Ala 
35 40 45 

Arg Ala Leu Lys Ala Glu Leu Ala Val Thr Ala His Glu Asp Cys Leu 
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50 55 60 

Pro Ala Leu Arg Glu Ala Leu Ala Gly Thr Gly Thr Glu Val Ala Gly 
65 70 75 80 

Gly Ala Gin Ala He' Ala Glu Ala Ala Asp Arg Pro Ala Asp Trp Thr. 

85 90 95 

Met Ser Ala He Val Gly Ala Ala Gly Leu Val Pro Gly Met Arg Ala 

100 105 no 

Leu Lys His Gly Arg Thr Leu Ala Leu Ala Asn Lys Glu Ser Leu Val 
115 120 125 

Thr Ala Gly Gin Leu Leu Met Arg Thr Ala Gin Glu Asn Gly Ala Thr 
130 135 UO 

lie Leu Pro Val Asp Ser Glu His Ser Ala Val Phe Gin Ala Leu Ala 
145 150 155 160 

Gly Glu Asp Thr Ala Cys Val Glu Arg Val He He Thr Ala Ser Gly 

165 170 175 

Gly Pro Phe Arg Asp Trp Ser Leu Glu Arg He Arg Ala Cys Thr Val 

180 185 190 

Ala Glu Ala Gin Ala His Pro Asn Trp Ser Met Gly Gin Arg He Ser 
195 200 205 

He Asp Ser Ala Ser Met Phe Asn Lys Ala Leu Glu Leu He Glu Thr 
210 215 220 



Arg Glu Phe Phe Gly Phe Glu Pro Asp Arg He Glu Ala Val Val His 
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225 230 235 240 

Pro Gin Ser lie Val His Ala Met Val Gly Phe Cys Asp Gly Gly Leu 

245 250 255 

Met Ala His Leu Gly Pro Ala Asp Met Arg His Ala He Gly Phe Ala 

260 265 270 

Leu Asn Trp Pro Gly Arg Gly Glu Val Pro Val Ala Arg He Asp Leu 
275 280 285 

Ala Gin He Ala Ser Leu Thr Phe Gin Lys Pro Asp Glu Glu Arg Phe 
290 295 300 

Pro Ala Leu Arg Leu Ala Arg Asp Val Met Ala Ala Arg Gly Leu Ser 
305 310 315 320 

Gly Ala Ala Phe Asn Ala Ala Lys Glu He Ala Leu Asp His Phe He 

325 330 335 

Ala Gly Arg He Gly Phe Leu Asp Met Ala Ala Val Val Glu Glu Thr 

340 345 350 

Leu Ala Gly Val Ser Thr Asp Pro Leu Phe Gly Lys Val Pro Asp Ala 
355 360 365 

Leu Glu Glu Val Leu Ala Met Asp His Leu Ala Arg Arg Ala Ala Glu 
370 375 380 

Glu Ala Ala Gly Leu Arg Gin Gin Lys Arg 
385 390 
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<210> 31 

<211> 1182 

<212> DNA 

<213> Rhodobacter sphaeroides 

<220> 

<221> CDS 

<222> CO. - C 1 182) 

<400> 31 

atg cgc age ctg teg ate ttt ggg gee ace ggc tec ate ggc gaa tec 48 

Met Arg Ser Leu Ser He Phe Gly Ala Thr Gly Ser lie Gly Glu Ser 
15 10 15 

ace ttc gac etc gtc atg egg aag ggc ggg ccc gag gcg ttc cgc acc 96 
Thr Phe Asp Leu Val Met Arg Lys Gly Gly Pro Glu Ala Phe Arg Thr 

20 25 30 

gtc get ctg acc ggc ggg cgc aac ate egg cga ctg gee gaa atg gcg 144 
Val Ala Leu Thr Gly Gly Arg Asn He Arg Arg Leu Ala Glu Met Ala 
35 40 45 

cgt gcg ctg aag gcg gag ctt gec gtc acc gcg cat gag gac tgc ctg 192 
Arg Ala Leu Lys Ala Glu Leu Ala Val Thr Ala His Glu Asp Cys Leu 
50 55 60 

ccc gcg ctg cgc gag gcg ctg gee ggg acg ggc acc gag gtc gcg ggc 240 
Pro Ala Leu Arg Glu Ala Leu Ala Gly Thr Gly Thr Glu Val Ala Gly 
65 70 75 80 

ggg gcg cag gee ate gec gag gee gee gac egg ccg gee gac tgg acc 288 
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Gly Ala Gin Ala He Ala Glu Ala Ala Asp Arg Pro Ala Asp Trp Thr 

85 90 95 

atg teg gec ate gtg ggc gee gcg ggc etc gtg ccc gga atg egg gcg 336 
Met Ser Ala lie Val Gly Ala Ala Gly Leu Val Pro Gly Met Arg Ala 

100 105 110 

ctg aag cac ggc cgc acg ctg gcg etc gec aac aag gaa age etc gtg 384 
Leu Lys His Gly Arg Thr Leu Ala Leu Ala Asn Lys Glu Ser Leu Val 
115 120 125 

acg gca ggg caa etc ctg atg egg acg gec cag gag aac ggc gee acg 432 
Thr Ala Gly Gin Leu Leu Met Arg Thr Ala Gin Glu Asn Gly Ala Thr 
130 135 140 

ate ctg ccg gtg gac age gag cac tec gcg gtc ttt cag gcg ctg gcg 480 
He Leu Pro Val Asp Ser Glu His Ser Ala Val Phe Gin Ala Leu Ala 
145 150 155 160 

ggc gag gac acg gee tgc gtc gag cgc gtc ate ate acg gcg tec ggc 528 
Gly Glu Asp Thr Ala Gys Val Glu Arg Val lie He Thr Ala Ser Gly 

165 170 175 

ggg ccg ttc cgc gac tgg age etc gag cgc ate cgc gee tgc ace gtg 576 
Gly Pro Phe Arg Asp Trp Ser Leu Glu Arg lie Arg Ala Cys Thr Val 

180 185 190 

gee gag gcg cag gee cat ccc aac tgg tec atg ggc cag egg ate tec 624 
Ala Glu Ala Gin Ala His Pro Asn Trp Ser Met Gly Gin Arg lie Ser 
195 200 205 



ate gac age gec teg atg ttc aac aag gcg etc gag ctg ate gag acg 
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lie Asp Ser Ala Ser Met Phe Asn Lys Ala Leu GIu Leu lie GIu Thr 
210 215 220 

cgc gaa ttc ttc ggc ttc gag ccg gac egg ate gag gcg gtc gtc cat 720 
Arg GIu Phe Phe Gly Phe GIu Pro Asp Arg lie GIu Ala Val Val His 
225.. 230 ' 235 240 

ccg caa tec ate gtc cat gcg atg gtg ggc ttc tgc gac ggg ggc ctg 768 
Pro Gin Ser He Val His Ala Met Val Gly Phe Cys Asp Gly Gly Leu 

245 250 255 

atg gec cat etc ggc ccc gec gac atg cgc cac gec ate gga ttc gcg 816 
Met Ala His Leu Gly Pro Ala Asp Met Arg His Ala He Gly Phe Ala 

260 265 270 

ctg aac tgg ccg ggt cgc ggc gag gtg ccc gtc gee egg ate gac etc 864 
Leu Asn Trp Pro Gly Arg Gly GIu Val Pro Val Ala Arg He Asp Leu 
275 280 285 

gca cag att gcg age etc acc ttc cag aag cct gac gag gaa cgc ttt 912 
Ala Gin He Ala Ser Leu Thr Phe Gin Lys Pro Asp GIu GIu Arg Phe 
290 295 300 

ccg gec ctg agg ctt gcg cga gac gtc atg gcg gcg cgc ggc ctg teg 960 
Pro Ala Leu Arg Leu Ala Arg Asp Val Met Ala Ala Arg Gly Leu Ser 
305 310 315 320 

ggc gec gec ttc aac gcg gec aag gag ate gcg etc gat cat ttc ate 1008 
Gly Ala Ala Phe Asn Ala Ala Lys GIu He Ala Leu Asp His Phe He 

325 330 335 

gec gga cgc ate ggg ttt ctg gac atg gcg gcg gtg gtc gag gag acg 1056 
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Ala Gly Arg He Gly Phe Leu Asp Met Ala Ala Val Val Glu Glu Thr 

340 345 350 

etc gcg ggc gtt teg acc gac ccc ctg ttc gga aaa gtg ccc gac gec 1104 
Leu Ala Gly Val Ser Thr Asp Pro Leu Phe Gly Lys Val Pro Asp Ala 
355 360 365 

ctt gag gaa gtg ctg gec atg gac cat etc get egg aga gcg gca gag 1152 
Leu Glu Glu Val Leu Ala Met Asp His Leu Ala Arg Arg Ala Ala Glu 
370 375 380 

gaa gee gec ggt etc cgc cag cag aaa agg 1182 
Glu Ala Ala Gly Leu Arg Gin Gin Lys Arg 
385 390 

<210> 32 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 32 

aagctgatct gggacgtggg gca 23 

<210> 33 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Synthetic DNA 
<400> 33 

tgctatccgc acaagatcct gac 

<210> 34 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 34 

gcatgctgtt ccgcgatgcc gac 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This international search report has not been established in respect of certain claims under Article 1 7(2) (a) for the following reasons: 

1. Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely; 

2. Q Claims Nos.; 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



3 - □ 



Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

The requirement of unity of invention (Rule 13.1 of the Regulations under 
the PCT) is not satisfied unless a group of inventions as set forth in claims 
have technical relationship to each other involving one or more of the same 
or corresponding special technical features. The term "special technical 
feature" means a technical feature which clearly indicates that the inventions 
as set forth in claims contribute, as the whole, to the prior art (Rule 13.2 
of the Regulations under the PCT) . The requirement of unity of invention is 
judged without considering whether a group of inventions is described in 
separate claims or in one claim in the alternative form (Rule 13.3 of the 
Regulations under the PCT) . 

1 . px] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. | ] As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. | ] As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. [ [ No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
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[ x~[ No protest accompanied the payment of additional search fees. 



Form PCT/IS A/2 1 0 (continuation of first sheet ( 1 )) (July 1 992) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP99/01987 



Continuation Qf BOX No. TT of continuation of first sheet (1) 

With respect to the claims of the present application, inventions as set 
forth in claims 1 to 9 and 12 (in the part wherein the description of claim 
1 is cited) have a technical matter in common of elevating the productivity 
of isoprenoid compounds by a genetic engineering means with the use of a DNA 
encoding an enzyme on the non-mevalonate pathway, etc., while inventions as 
set forth in claims 14 to 22 have a technical matter in common that substances 
inhibiting the enzymatic activity in the non-mevalonate pathway inhibit the 
growth of microorganisms and plants having this pathway. However, it is 
needless to say that the non-mevalonate pathway has been publicly* known. 
Similarly, l-deoxy-D-xylulose-5-phosphate synthase as an enzyme on the 
non-mevalonate pathway and DNA encoding the same have been publicly known 
(Proc. Natl. Acad. Sci. USA, 94(24), 12857-12862 (1997)). Accordingly, it 
can be concluded that there is no "special technical feature" in common among 
the inventions as set forth in claims 1 to 9 and 12 (in the part wherein the 
description of claim 1 is cited) and the inventions as set forth in claims 
14 to 22. 

In the following descriptions given claims 10, 11, 12 (in the part wherein 
the description of claim 11 is cited) and 13: 

® invention relating to a protein having the amino acid sequence 
represented by SEQ ID NO: 3 or a DNA having a base sequence represented by 
SEQ ID NO:8; 

(D invention relating to a protein having the amino acid sequence 
represented by SEQ ID NO: 4 or a DNA having a base sequence represented by 
SEQ ID NO: 9; and 

® invention relating to a protein having the amino acid sequence 
represented by SEQ ID NO: 5 or a DNA having a base sequence represented by 
SEQ ID NO: 10; 

have a technical matter in common of being proteins capable of elevating the 
efficiency of synthesizing isoprenoid compounds or being DNAs encoding the 
same. Since it is obvious that the above-mentioned publicly known enzyme 
1-deoxy-D-xylulose 5-phopsphate synthase is one of the proteins capable of 
elevating the efficiency of synthesizing isoprenoid compounds, being proteins 
capable of elevating the efficiency of synthesizing isoprenoid compounds or 
bein gDNAs encoding the same cannot be regarded as any "special technical 
feature" . Moreover, there is no "special technical feature" in common between 

these groups of the inventions® to® and the inventions as set forth in claims 
1 to 9 and 12 (in the part wherein the description of claim 1 is cited) or 
those as set forth in claims 14 to 22. 

Such being the case, the inventions as set forth in the claims involve 
five inventions as specified below: 

(1) the invention as set forth in claims 1 to 9 and 12 (in the part wherein 
the description of claim 1 is cited) ; 

(2) the invention as set forth in claims 10, 11, 12 (in the part wherein 
the description of claim 11 is cited) and 13 relating to a protein having 
the amino acid sequence represented by SEQ ID NO: 3 or a DNA having the base 
sequence represented by SEQ ID NO: 8; 

(3) the invention as set forth in claims 10, 11, 12 (in the part wherein 
the description of claim 11 is cited) and 13 relating to a protein having 
the amino acid sequence represented by SEQ ID NO: 4 or a DNA having the base 
sequence represented by SEQ ID NO: 9; 

(4) the invention as set forth in claims 10, 11, 12 (in the part wherein 
the description of claim 11 is cited) and 13 relating to a protein having 
the amino acid sequence represented by SEQ ID NO: 5 or a DNA having the base 
sequence represented by SEQ ID NO; 10; and 

(5) the invention as set forth in claim 14 to 22. 
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